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Abstract

Introduction—Recent advancements in imaging technology have significantly increased the
diagnostic accuracy of magnetic resonance imaging for prostate cancer. However, tissue diagnosis
and grading remain the gold standard for diagnosis and prognostication. Because transrectal
ultrasound guided prostate biopsy performs poorly, extensive research has been conducted into
biopsy techniques that are guided by magnetic resonance imaging, including direct in-bore,
cognitive fusion and magnetic resonance imaging/ultrasound fusion guided biopsies.

Methods—The PubMed® database was searched from inception until January 15, 2014 for
criteria pertaining to targeted prostate biopsy.

Results—Initial studies of the 3 types of targeted prostate biopsy yielded similar results. Most
importantly, targeted biopsy detects a greater amount of clinically significant prostate cancer than
does transrectal ultrasound guided biopsy. Magnetic resonance imaging/ultrasound fusion guided
biopsy has generated the most interest, as it is an office based procedure that does not require a
significant change from the current workflow of transrectal prostate biopsy. These techniques hold
great promise in the areas of patient selection for definitive treatment, appropriate screening, active
surveillance and focal therapy for prostate cancer.

Conclusions—Targeted prostate biopsy has the potential to significantly improve the way
patients are screened, treated and monitored in the setting of prostate cancer. These techniques
allow for an individualized approach to each patient, which is a substantial improvement over the
current practice of effectively random prostate biopsies. Large, multicenter studies are necessary to
determine whether targeted prostate biopsy will become a definitive standard of care.
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History of Prostate Cancer Screening

Reducing the morbidity and mortality associated with prostate cancer has been the urgent
goal of cancer screening programs for several decades. However, it is a goal that has been
largely unmet. Since the 1940s PCa in American men has been prevalent and deadly,
accounting for nearly 90% of all male genital cancers at that time and yet only 5% were
detected at a stage that was still amenable to surgery.1-2 These rates illustrate the limitations
associated with the use of digital rectal examination, a time-tested screening tool for prostate
cancer. It is subjective, operator dependent and experience dependent, and primarily limited
to large, posterior tumors. Worst of all, DRE screening studies of PCa have failed to
demonstrate a reduction in cancer specific mortality in any age group.3

It is in this context that serum prostate specific antigen was introduced and approved by the
Food and Drug Administration in 1986. Originally intended as a tool for monitoring
previously diagnosed PCa, PSA was quickly adapted for screening in conjunction with DRE.
This additional screening changed the epidemiology of PCa in 2 distinct ways. First, the
overall incidence of PCa increased dramatically, as previously non-palpable and
asymptomatic tumors were detected. Second, the relative incidence of higher stage disease
decreased. These developments came on the heels of advances in medical imaging, which
paved the way for the adoption of transrectal ultrasound. This too was originally thought to
be a possible PCa screening tool, although initial reports demonstrated limited accuracy.*
Nonetheless, in 1989 Hodge et al reported that systematic TRUS guided biopsy detected
significantly more PCa than did any previously used technique.® This biopsy scheme became
the foundation for the current standard of care, with even greater cancer detection as the
number of biopsy cores increased from 6 to 12 or more.5

Thus, the current paradigm for PCa screening faces several challenges. The death rate from
prostate cancer remains high. In 2013 it was the most common nonskin cancer in American
men, as well as the second most common cause of cancer related death.” PSA, DRE and
TRUS guided biopsy still perform poorly in culling those patients with clinically significant
disease for whom definitive therapy would render a survival benefit.8 It is becoming
increasingly apparent that the screening process itself carries inherent risks, including
infectious complications, many of which are now caused by antibiotic resistant organisms.®
These limitations all played a role in the decision by the USPSTF (U.S. Preventive Services
Task Force) to recommend against routine PSA based screening for PCa.

MRI as a Diagnhostic Modality for Prostate Cancer

Magnetic resonance imaging was introduced in the 1990s as a tool with the potential to
improve the preoperative staging of PCa. It was initially limited to this role, as early
techniques had a high resolution for T3 disease but a poor sensitivity for intraprostatic
lesions.10 However, MRI technology quickly improved, which became most readily apparent
after the recent advent of MP-MRI, a technique that combines traditional T1 and T2-
weighted images with other MRI sequences such as diffusion weighted imaging, MR
spectroscopy and dynamic contrast enhancement (fig. 1). MP-MRI, in conjunction with
endorectal coils and high field strength magnets, significantly improves PCa detection and
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localization, 1112 which has led to a recent consensus among radiologists endorsing its use
for prostate imaging.13

MRI Guided Biopsy

Despite the invaluable anatomical information provided by MRI, tissue diagnosis and
grading remain the gold standard for the diagnosis and prognostication of PCa. Thus, a
variety of prostate biopsy techniques that are MRI guided have been developed, including
direct in-bore, cognitive fusion and MRI/ultrasound fusion guided biopsy.

Direct in-Bore MRI Guided Biopsy

An option for obtaining MRI guidance of a prostate biopsy is to perform the biopsy within
the MRI gantry itself. A patient with clinical suspicion of PCa first undergoes a diagnostic
MRI. If suspicious lesions are identified, he then returns for a repeat MRI to re-localize
these lesions immediately before biopsy. The biopsy is then performed within the MRI
gantry, with further MRI scans obtained throughout the biopsy session to track needle
placement. The primary advantage of this technique is that it allows for precise targeting of
MRI suspicious lesions, many of which are clinically relevant.12 However, the technique
also suffers from significant limitations from the perspectives of the patient, physician and
hospital.

The procedure is lengthy and physically uncomfortable, often requiring sedation with
general anesthesia. The magnetic environment, with its requirement for nonmagnetic needles
and other supplies, and the long duration of serial MRI scanning are practical challenges to
the physician performing the biopsy. The technique produces high opportunity costs from
time spent within MRI facilities. All of these limitations have spurred the development of
other techniques for using MRI data for biopsies performed outside the MRI gantry.
Published detection rates vary but a recent prospective comparative study demonstrated that
MRI guided biopsy was superior to TRUS guided biopsy for PCa detection (see table).14

Cognitive Fusion Guided Biopsy

A second option for combining prostate MRI with the gold standard of biopsy is “cognitive
fusion.” This term essentially describes the process of evaluating a diagnostic prostate MRI
before performing a TRUS guided biopsy. During the TRUS guided biopsy the urologist
then estimates where the MRI positive lesions are on real-time TRUS, allowing for increased
sampling density in these areas. This technique is appealing for 2 reasons. First, it is
immediately available to all urologists, as no special biopsy equipment is necessary, and
second, cognitive fusion does not incur the time and opportunity costs of in-gantry MRI
guided biopsy. However, cognitive fusion is a low-tech solution to a complex problem and
thus introduces its own set of limitations.

The technique is highly operator dependent. Even if cognitive fusion is reliable in expert
hands, it may not be reproducible outside of centers of excellence with the most extensive
MRI and US experience. Cognitive fusion requires a difficult mental anatomical
transformation from 2-dimensional TRUS images to 3-dimensional MRI and vice versa.
This is a likely aspect of MRI guided biopsy that could be better automated by computer
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software. Finally, unlike other fusion techniques, cognitive fusion does not allow for the
ability to record the precise locations of each biopsy, which makes it less appealing in the
setting of active surveillance, for example when urologists may be especially interested in
resampling specific biopsy locations at a later date. Nonetheless, recent studies have shown
cognitive fusion to perform significantly better than TRUS guided biopsy, including in a
prospective, blinded comparison (see table).1®

MRI/US Fusion Guided Biopsy

General Principles

The third option for obtaining MRI guidance is MRI/US fusion guided biopsy, a process by
which diagnostic magnetic resonance images are fused to TRUS images by software
platforms. This technique was developed in an attempt to combine the most appealing
aspects of direct in-bore and cognitive fusion MRI guided biopsies. Like the former,
MRI/US fusion guided biopsy allows the operator to visualize and target suspicious lesions
in real time (fig. 2). The software platforms can also record the locations of all biopsies,
allowing for later resampling (figs. 3 and 4). Like the latter, MRI/US fusion guided biopsy is
an office based biopsy platform that is practical for community urologists and comfortable
for patients.

As with the other techniques, MRI/US fusion guided biopsy first requires a diagnostic MRI.
A radiologist then identifies areas of suspicion, which are marked and loaded into the fusion
software. The prostate gland is also segmented so that the shape of the prostate on MRI can
be fused to the shape of the prostate on TRUS. If a biopsy is deemed necessary, the urologist
begins by performing real-time TRUS. At the beginning of this session, the segmented MR
and US prostate volumes are co-registered by the fusion software. The urologist then
performs a TRUS guided biopsy, which now contains visible targets based on the diagnostic
MRI. This is a general work-flow that holds true across different “flavors” of fusion guided
biopsy platforms. However, it is not universal.

Each step in the fusion guided biopsy process offers opportunities for fusion platform
manufacturers to differentiate their products from existing models. The greatest variation
exists in how the MR and US images are fused, and how the fusion platform guides and
tracks the biopsy. The fusion platforms currently used with the greatest amount of clinical
evidence include UroNav (Philips/Invivo, Gainesville, Florida), Artemis® (Eigen, Grass
Valley, California), Urostation (Koelis, Grenoble, France), BiopSee® (Pi Medical, Athens,
Greece), Virtual Navigator (Esaote, Genoa, Italy) and Hitachi Real-time Virtual Sonography
(Hitachi Medical Systems America, Twinsburg, Ohio).

Fusion of Diagnostic Images

One of the greatest challenges of performing accurate MRI/US fusion guided biopsy is the
initial co-registration of MR and US images. Although fusion software offers the promise of
a significant computational benefit over cognitive fusion, the algorithm that best achieves
this result is still being determined. The 2 general strategies that have been developed are
rigid registration and elastic registration. In the former the TRUS and MR images undergo
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rotational and translational adjustments such that they become as congruent as possible. In
the latter deformation and warping are added to the rotation and translation in an attempt to
create images that match even more closely. These registration techniques vary among
MRI/US fusion platforms, with no clear advantage to either option.

However, a recent preclinical study demonstrated the feasibility of an appealing third
option.1® In that study the current model of a single rigid or elastic registration was replaced
with continuous, automatic registrations and adjustments by the fusion software. If
replicated in clinical studies this improvement could help simplify MRI/US fusion even
further. It could also lead to a clearer favorite among fusion platforms, as the current lack of
comparative studies among platforms precludes meaningful conclusions as to which is best.

Biopsy Guidance

Results

Whereas image co-registration is largely a challenge of software development, the more
immediately obvious difference among various fusion biopsy platforms is the equipment
itself. Each system uses a unique mechanism to guide and track biopsies, ranging from
inconspicuous TRUS probe position detectors to larger robotic arms. UroNav provides an
example of the former as the biopsy guidance system uses a sensor that is directly attached
to a freehand TRUS probe. The sensor is then monitored by a small electromagnetic field
generator nearby, allowing the urologist to perform targeted biopsies in a manner similar to
the current standard practice (fig. 5). In contrast, the Artemis system incorporates a
mechanical localizer in the form of a robotic arm that positions, monitors and controls all of
the biopsy devices. This system has the advantage of removing a source of possible operator
input, which may otherwise limit biopsy accuracy. For example, with a freehand device, the
operator may inadvertently move the TRUS probe after a target has been localized but
before the biopsy gun has fired. With a robotic arm, the entire unit may be immobilized.
However, this advantage involves trade-offs in efficiency. The robotic arm is relatively bulky
and somewhat limited in its access to all parts of the prostate, and the entire biopsy process
involves a greater deviation from existing office based practices with which the urology
community is well acquainted.

Other MRI/US fusion guided biopsy platforms involve more subtle variations of these 2
extremes. For example, Urostation incorporates a freehand TRUS probe but generates
continuous 3D images of the prostate that are fused to the MRI. The BiopSee system also
uses standard freehand TRUS. However, it typically requires biopsies to be performed
transperineally. Other systems like the Virtual Navigator and Hitachi Real-time Virtual
Sonography differ primarily in their original intended use. These 2 fusion platforms were
originally designed for a wider range of interventional procedures and thus have the
capability to combine computerized tomography or MR images with US. Their use in the
setting of prostate cancer is more limited, with some platforms still not commercially
available in the United States.

UroNav was the first MRI/US fusion guided biopsy system to be developed and thus has the
greatest amount of data supporting its use. It was created by the urology and radiology

Urol Pract. Author manuscript; available in PMC 2017 October 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Raskolnikov et al.

Page 6

departments at the National Institutes of Health in a research collaboration with Royal
Philips. The NIH group began enrolling patients in a prospective study of MRI/US fusion
guided prostate biopsy in 2004. UroNav has been shown to detect significantly more PCa
per core than a standard 12-core biopsy, to detect more clinically significant disease and to
have particular usefulness for highly suspicious lesions on MRI.17-20 Consistently similar
results have been reported by numerous other institutions using the Artemis,2! Urostation, 22
BiopSee,23 Virtual Navigator?? and Hitachi Real-time Virtual Sonography?4 devices.
Detailed results of these studies have been described in depth in recent reviews of MRI/US
fusion guided biopsy and are summarized in the table.2526

Advantages of MRI/US Fusion Guided Biopsy

Because research supporting MRI/US fusion guided biopsy is still relatively new, many of
the potential advantages of this technique have yet to be definitively proven in large,
prospective studies. However, the likely advantages are many. MRI/US fusion guided biopsy
may result in lower prostate specific mortality, as fewer cases of high grade but localized
disease are missed. Existing studies of nearly every MRI/US fusion guided biopsy platform
have shown an increase in the amount of high grade PCa that can be detected. The
epidemiological significance of this finding should be examined prospectively once MRI/US
fusion guided biopsy is deployed on a wider scale.

Fusion biopsy has the potential to decrease what is now recognized as pervasive
overtreatment of low risk PCa. This possible reduction is based on the finding that MRI
characteristics correlate with the D’ Amico risk score and the biopsy Gleason grade.19:27 If
MRI/US fusion guided biopsy is shown to accurately depict prostate pathology in large,
prospective studies, urologists may become more comfortable using this technology to
monitor patients with low risk disease.

MRI/US fusion guided biopsy offers a more rational approach to active surveillance. Other
than cognitive fusion, nearly all fusion platforms allow for resampling of sites that have been
targeted in the past. Perhaps beginning with this context, targeted biopsies may begin to
replace random systematic biopsies altogether. Eventually, active surveillance protocols
could even incorporate MRI instead of biopsy at certain followup intervals, which is not
only appealing to patients, but could reduce the prevalence of post-biopsy infection as
well.28 Finally, MRI/US fusion guided biopsy not only improves our ability to identify
patients who are candidates for focal therapy, but also allows us to effectively monitor
treatment response. This potential role for fusion biopsy was recently strongly endorsed by a
consensus panel.2

Conclusions

Advancements in modern imaging have led MP-MRI to become the gold standard for the
noninvasive detection of PCa. This powerful technology can be used for direct in-bore MRI
guided biopsy, cognitive fusion with TRUS and MRI/US fusion guided biopsy. This last
technique has generated significant interest, leading to a recent proliferation of various
MRI/US fusion platforms. The initial studies of nearly all of these platforms are consistent
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in that MRI/US fusion guided biopsy detects a larger amount of clinically significant PCa
than the current standard of care TRUS guided biopsy. These developments have exciting
implications for patient selection for definitive treatment, appropriate PCa screening, active
surveillance and focal therapy.

Further research in 3 key areas will lead to an even wider adoption of targeted biopsy. 1) The
radiology community must develop a robust, uniform grading and reporting system for PCa
on MP-MRI. Current reporting systems are useful but their wide variability precludes
meaningful comparisons among centers.30 2) Prospective, randomized studies are needed to
compare fusion platforms. Although comparative studies exist, they generally contain
heterogeneous groups of patients, present conflicting results or include small sample sizes
with trends toward statistical significance that could be better assessed in larger
studies.15:2231 3) Existing models for PCa prognostication based on the results of random
biopsies may need to be revisited. For example, now that targeted cores almost uniformly
contain a greater percentage of PCa, it is possible that this criterion for deciding which PCa
is clinically significant may no longer be meaningful.32:33 Total tumor volume has been
proposed as a better criterion, although disagreement exists as to how this should be
measured and implemented.

Improvements in these 3 areas have the potential to truly make the combination of MP-MRI
and targeted biopsy, such as MRI/US fusion guided biopsy, the new standard of care for men
with PCa. For many years the prostate has been the last example of a solid organ randomly
sampled in patients with a suspicion of cancer. Targeted prostate biopsy has the potential to
finally change this practice.
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3D 3-dimensional

DRE digital rectal examination
MP multiparametric prostate
MR magnetic resonance

MRI magnetic resonance imaging
NIH National Institutes of Health
PCa prostate cancer
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C
*
Figurel.

Patient is 53-year-old man with family history of prostate cancer (PSA 6.1 ng/dl) and
multiple prior negative 12-core biopsies. A, axial T2-weighted MRI demonstrates lesion in
midline apical-base anterior transitional zone (asterisk). B, apparent diffusion coefficient
maps of diffusion weighted MRI show restricted diffusion corresponding to hypointense
signal intensity within lesion (asterisk). C, raw dynamic contrast enhanced MRI. D, ktrans
map derived from dynamic contrast enhanced MRI confirms hypervascularity within
anterior midline transitional zone lesion (asterisk). MRI/TRUS fusion guided biopsy
revealed high volume Gleason 8 PCa in multiple targeted cores of this anterior lesion.
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Figure 2.
Representative screenshots demonstrate fusion of MRI and real-time TRUS imaging before

(A) and after (B) acquisition of targeted biopsy core
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Figure 3.
Representative extended sextant biopsies using MRI/US fusion software, which allows for

precise recording of all biopsy locations in 3D space
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Figure 4.
Post-procedure 3D mapping of targeted and 12-core extended sextant needle biopsy

locations
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Figureb.
Examples of equipment necessary for MRI/US fusion guided biopsy using UroNav platform.

A, UroNav console. B, ultrasound probe with encoder. C, electromagnetic field generator. D,
ultrasound cart.
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