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TARGETED PROSTATE BIOPSY: LESSONS LEARNED MIDST
THE EVOLUTION OF A DISRUPTIVE TECHNOLOGY
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2Department of Bioengineering, University of California Los Angeles, CA, USA

3Department of Radiology, University of California Los Angeles, CA, USA

Abstract

Lessons learned during a 6-year experience with more than 1200 patients undergoing targeted
prostate biopsy via MRI/US fusion are reported: (1) The procedure is safe and efficient, requiring
some 15-20 minutes in an office setting; (2) MRI is best performed by a radiologist with
specialized training, employing a trans-abdominal multi-parametric approach and preferably a 3T
magnet; (3) Grade of MRI suspicion is the most powerful predictor of biopsy results, e.g., Grade 5
usually represents cancer; (4) Some potentially-important cancers (15%-30%) are MRI-invisible;
(5) Targeted biopsies provide >80% concordance with whole-organ pathology. Early enthusiasm
notwithstanding, cost-effectiveness is yet to be resolved, and the technologies remain in evolution.

Keywords

targeted prostate biopsy; MRI-ultrasound fusion; multiparametric MRI; direct in-bore biopsy;
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Disruptive innovation, n.: One that helps to create a new market and value network,
eventually ... displacing an earlier technology.

— Clayton M. Christensen, Harvard Business Review!

Introduction

Targeted prostate biopsy, obtaining tissue samples from a defined region of interest within
the organ, is a disruptive innovation. While still evolving, targeted biopsy often detects
serious prostate cancer (CaP) missed by conventional biopsy and, when negative, provides a
degree of reassurance not previously possible. Multi-parametric MRI (mpMRI) has become
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the preferred method for detecting cancer-suspicious regions in the prostate, and with a few
caveats, is capable of identifying many serious cancers. MRI targeting is substantially more
accurate than ultrasound guidance, the latter usually failing to reveal a valid target within the
prostate. With clinical experience increasing rapidly, and as research intensifies into
improving methodologies, a review of lessons learned midst the evolution of this important
innovation is herein presented.

Conventional Prostate Biopsy

Biopsy guidance via trans-rectal ultrasound (TRUS), introduced by Stamey and colleagues
in the 1980s2, became widely adopted; an estimated one million prostate biopsies are
performed annually by this “systematic sampling’ technique in the United States3. Over the
next several decades, the only major improvements made in TRUS-guided biopsy were the
use of local anesthesia? and the increase in number of biopsy cores obtained®. Despite
increased sampling, the sensitivity of TRUS-guided biopsy remains low®; under-grading of
cancer remains high’; and repeated biopsy sessions, driven by persistently elevated PSA
levels, remain routine3. Prostate cancers of the 1980s were larger and easier to detect by
systematic sampling than those diagnosed a few decades later®, as PSA screening became
prevalent and sizeable lesions were removed from the pool. Moreover, TRUS-guided
‘systematic’ sampling is not always truly systematic, as operator bias using the freehand
method often results in sub-optimal spacing within the desired schema®. Thus, the ‘blind’
TRUS-guided biopsy has important limitations.

Advent of MRI to Detect Prostate Cancer (CaP)

The goal of targeted prostate biopsy is three-fold: (1) to detect clinically significant disease,
(2) to accurately categorize insignificant disease, and (3) to assess disease burden using the
most efficient method possible. Detection of clinically important cancer via contemporary
MRI is an important step toward achieving these goals. In his 2008 Whitmore address, Dr.
Patrick Walsh said, “If you want to make a substantial contribution to medicine for this
decade and maybe for the century, address yourself to the problem of imaging cancer within
the prostate gland.19” Years before, in 1983, Hricak and associates published one of the first
MR images of a prostate, which was obtained using a magnet of 0.3 Tesla field strength; she
wrote that this new modality might in the future have an important role in evaluation of
CaPl, MRI technology has advanced rapidly: as recently as 1999, the pioneer Jelle
Barentsz wrote from the Netherlands that prostate MRI should be considered “... still at an
exploratory phase.12” However, since that time, MR field strength has increased 10-fold;
scan time has decreased; resolution has improved dramatically; and multi-parametric
imaging has evolved. Landmarks along the way include attempts at standardization, the
Prostate Imaging Reporting and Data System (PI-RADS) scorel3, and numerous reports
validating MRI-guided diagnosis of CaP4. In expert hands, no other imaging modality
compares with the sensitivity and specificity of mpMRI for visualization of cancer within
the prostate. A patient example, demonstrating the value of mpMRI in the diagnosis of CaP,
is shown in Figure 1.
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Use of MRI to Guide Prostate Biopsy (Table 1)

Direct In-Bore Biopsy

D’amico and associates were among the first to report use of MRI to guide prostate
biopsy!®. In an open-source MRI scanner with a field strength of 0.5 T, these authors
successfully targeted MRI regions of interest via a trans-perineal approach in a single
patient. Cancer was found in MRI targets, but not in random samples outside of targets, thus
establishing the basis for clinical trials of MR-guided biopsy6-19. In 2009, the Philips/
InVivo Corporation brought to market the DynaTrim Device, an MRI-compatible biopsy
frame for performance of trans-rectal prostate biopsies within a closed MRI scanner. This
device provided a standard approach to the procedure and helped to facilitate direct in-bore
biopsy. Direct biopsy is performed by a radiologist and involves two separate trips to the
MR scanner: first to obtain the diagnostic sequences (which must then be processed) and
second to undergo the biopsy. In-bore biopsy involves aiming the needle at the perceived
ROI, which is done outside the scanner, then confirming needle position by re-scanning. The
procedure of moving the patient in and out of the scanner is repeated for each core obtained.

Software Fusion Biopsy

Coincident with development of in-bore biopsy methods, others were developing methods to
target MRI-derived images out of bore, away from an MRI scanner, for use in a clinic
setting. The process of MRI/US fusion combines the imaging advantage of MRI with the
clinical efficiency of ultrasound. In the United States, six image-fusion devices for targeted
prostate biopsy are now commercially available20. All employ co-registration of previously-
acquired MR images with real-time ultrasound via proprietary software.

Targeted biopsy, aiming at a MRI-derived region of interest, is enabled by image guidance,
which in this section refers to MRI/US fusion; when a target is present, as in some three-
quarters of cases, samples are taken from the target. When a target is not present (and even
when one is present), a template mapping is obtained, using a scalable grid built into the
software of the device (Fig. 2). Further, using a fusion device, biopsy site locations are
recorded via built-in software for tracking purposes?L. Thus, the term ‘fusion biopsy’
incorporates, targeting, mapping, and tracking.

Two image-fusion devices, most thoroughly evaluated in the U.S., are the UroNav (Philips/
InVivo, FDA-approved in 2009) and the Artemis (Eigen, Grass Valley, CA; FDA-approved
in 2008). Both systems are intended to assist trans-rectal ultrasound-guided biopsy with the
patient positioned in the familiar lateral decubitus position. Trans-perineal biopsy systems
also exist?2, but experience with this approach is limited to date. The UroNav system was
developed in the U.S. at the National Cancer Institute in collaboration between engineers
from the Philips/Invivo Corp. and scientists at the NCI123:24, The UroNav system achieves
image fusion via an electro-magnetic tracker positioned over the patient’s pelvis to
determine spatial location of the biopsy cores. Probe manipulation is free-hand. The Artemis
system originated in the labs of Dr. Aaron Fenster at the University of Western Ontario; the
patents were licensed to the Eigen Corp, which developed it commercially; marketing is by
Hitachi-Aloka. The Artemis system achieves image fusion and targeted biopsy via a series
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of encoders (angle-sensing devices) built into a robotic arm?. Probe manipulation with the
Artemis device is along a fixed axis established at the beginning of the procedure. Both
systems incorporate motion-compensation software. Other FDA-approved devices include
the Urostation (Koelis, France), the Virtual Navigator (Esaote, France), the BiopSee (Pi
Medical/MedCom, Germany), and the Hi RVS (Hitachi, Japan). The systems have been
compared elsewhere20, and a detailed review of all forms of MRI-guided versus
conventional biopsy was published recently by Moore and colleagues4.

Cognitive-fusion Biopsy

A third method employs operator awareness of the MRI-derived target, then visual
translation of that impression into ultrasound-guided needle placement. Cognitive
registration uses a standard TRUS probe for biopsy needle guidance and requires the
operator to infer the location of the MRI-suspicious lesion within the TRUS images. The
cognitive fusion method requires no fusion device, is relatively quick, and has an obvious
cost-advantage. However, biopsy-site tracking is not possible, and small lesions may be
missed by the cognitive method25-27,

Targeted Biopsy as a Urological Tool

The Artemis system (Eigen/Hitachi) received FDA approval in May 2008, and it was first
exhibited at the annual meeting of the American Urological Association later that month in
Orlando, FL. The Department of Urology at UCLA obtained the device in March 2009. A
multi-disciplinary group was formed to study the clinical utility of the device. Core
members of the group include a radiologist with advanced MRI experience (DM), a
urologist (LM), a uropathologist (JH), a biomedical engineer (SN), and a trained device
operator (MM). Close collaboration among these principles, who have continued working
together since the inception, has led to numerous publications, presentations, and
refinements.

After several months of pre-clinical testing, tracking biopsy was started in September, 2009
and MRI/US fusion biopsy was started in March, 2010. Since its arrival, and through several
upgrades, the device has been used more than 1600 times in more than 1200 men to obtain
nearly 25,000 cores of prostate tissue. All data were gathered prospectively using an IRB-
approved protocol (Ref Natarajan 2011). This extensive multi-disciplinary experience,
throughout a continuing evolution of targeted biopsy technology, has led to many lessons
learned.” The following five are standouts:

Lesson 1: Targeted biopsy is safe and efficient

Targeting and mapping (systematic sampling directed by a built-in grid) can be performed in
an office setting under local anesthesia in 15-20 minutes with no more morbidity than
conventional biopsy. Beginners should reach this level of efficiency after completing 30 or
fewer cases. Sedation of the patient is not necessary. Complications after targeted biopsy at
our institution are no more common than with conventional biopsy. Post-biopsy

*While the UCLA experience has been with the Artemis device, the reported experience targeting with the UroNav device at the
National Cancer Institute is qualitatively similar.
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hospitalization for sepsis has become an extremely rare event, seen only twice during the
last 500 targeted biopsy cases, after antibiotic prophylaxis was changed to include a single
injection of ceftriaxone in addition to a 5-day regimen of a quinolone.

Lesson 2: High-quality MRI is critical to the success of targeted biopsy

Three components of this lesson require attention. First, the equipment used to obtain the
images should be up to date, including both the hardware and the software used to delineate
the targets. 3T magnet strength is rapidly becoming state-of-the art, but satisfactory results
can also be obtained with a 1.5T magnet with an endorectal coil. An endorectal coil is
generally not necessary for diagnostic purposes, but may add definition of the capsule in
staging evaluations. Multi-parametric imaging (T2, DWI, and DCE) should be obtainable in
about 30 minutes of in-bore time; complete processing requires at least a few hours after the
images are obtained. Second, the radiologist should be an experienced reader of prostate
MRI studies. A proctored experience with about 50 prostate cases should enable a
radiologist to make satisfactory interpretation of the images. Radiological training for
interpretation of prostate MRI has yet to be standardized, but an online certification is
available through the American Roentgen Ray Society (http://www.arrs.org/prostatemri/).
Third, every attempt should be made to standardize how the images are obtained, how they
are interpreted, and how they are reported. MRI regions of interest are graded according to
level of cancer suspicion. At present, most support exists for adoption of the PI-RADS
grading system13, but other grading systems have also proved effective?8. Best results will
likely come from high-volume centers.

Lesson 3: Degree of suspicion on MRI is single most important determinant of biopsy

findings

In comparison with other factors (e.g., PSA, age, race, palpation), the grade of suspicion of
cancer derived from the MRI most reliably predicts biopsy results. A grading system to
quantify degree of suspicion was developed and proposed by the UCLA group even before
the PI-RADS system was described?!. Other grading systems have also been described?8.
Regardless of which system is used, in-house standardization is all-important. At our
institution, among the first 2000 men studied, when the radiologist assigns a Grade 5 to an
MRI target, i.e., the most suspicious grade, either by PI-RADS or the UCLA system, the
chances of a targeted biopsy showing cancer approaches 85%, and of the cancers found in
such a lesion, more than 80% are high-grade (GS=7)2°. Conversely, when MRI shows only
minimal or no abnormalities, the chances of a serious cancer found on mapping biopsy fall
to approximately 15%. Among the clinical variables studied in the 1000-man report cited
above, PSA density (PSAD) was highly associated with prostate cancer (odds ratio of 7.2)2°.

Lesson 4: Both targeted and mapping biopsy should routinely be performed

The MRI-invisible cancer is not a rarity, i.e., even sophisticated mpMRI does not detect all
serious prostate cancers. In recent study of 122 men undergoing radical prostatectomy, pre-
operative MRI failed to detect GS>7 tumors and tumors >1 cm diameter in 28% of cases
each30. In Figure 2 is shown an example of how prostate cancer may elude MRI detection.
In the example case, a man with potentially lethal CaP (Gleason Score 8) had a mpMRI that
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in very experienced hands, using state-of-the-art equipment, was unrevealing. Clearly,
targeting of suspicious MRI regions results in the detection of more serious cancers and
fewer insignificant cancers than conventional biopsy3, but to ensure maximal sensitivity,
both targeted and mapping biopsy should be employed. If biopsy is indicated on clinical
grounds, a negative MRI should not preclude it. Why some potentially serious cancers
escape MRI detection is not known, but this observation has been repeatedly made by our
group and by others32,

Lesson 5: MRI-guided biopsy provides a more accurate reflection of whole-organ
pathology than conventional biopsy

When radical prostatectomy is performed after conventional biopsy, the final pathology is
often different from the biopsy-derived information. In particular, under-grading has been
reported to occur in 30-50% of cases so studied®7. When whole-organ histo-pathology is
correlated with targeted biopsy findings, the prediction of final pathology is more accurate
than when blind biopsy specimens are employed33. In a recent study of 54 men undergoing
fusion biopsy followed by radical prostatectomy, the highest Gleason pattern at
prostatectomy was detected by systematic mapping biopsy in 54%, targeted biopsy in 54%
and a combination in 81% of cases33.

Further, for men with low-grade, low stage lesions believed to be candidates for active
surveillance on the basis of conventional biopsy, many will be re-classified when subjected
to confirmatory biopsy using MRI guidance34. Confirmation of low-risk pathology by MRI-
guided biopsy appears increasingly important prior to enroliment in active surveillance
programs. The role of serial MRI to evaluate disease progression in men during active
surveillance is currently under study. Information derived from MRI-guided biopsy may
also have important utility for management of radiation therapy3°. Thus, MRI/US fusion
biopsy leads to improved whole-organ characterization and better-informed treatment
decisions.

Targeting Approaches: Urology vs Radiology

With the approval of the DynaTrim device in 2010 (Table 1), radiologists gained the ability
to perform MRI-targeted prostate biopsy via a direct in-bore approach. Several reports attest
to the potential value of the method of the radiologist36-39. However, compared to the
MRI/US fusion method, which is increasingly performed by urologists in the clinic setting,
the in-bore method is expensive, time-consuming, labor-intensive, and most importantly,
because of time constraints does not usually include mapping. Either method is capable of
obtaining tissue samples from a MRI target, but obtaining cores only from a MRI target
results in missing a sizable number of high-grade cancers, which may be MRI-
invisible1®3133, Fuyrther, radiological training is deficient in experience with recognition and
treatment of post-biopsy complications. The combination of lower cost, wider availability,
greater efficiency, and routine inclusion of mapping biopsies give MRI/US fusion biopsy a
substantial advantage over in-bore biopsy. Where MRI1/US fusion technology is not
available, the in-bore approach would appear to compare favorably with US guidance alone.

Urology. Author manuscript; available in PMC 2016 September 01.
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Cost-effectiveness

The Future

Economic aspects of targeted prostate biopsy have been little studied to date*041, Issues
include the increased cost of pre-biopsy MRI and start-up costs of an image-fusion device
versus the reduced number of biopsy sessions required to obtain a correct diagnosis and
increased avoidance of inappropriate surgery or radiation therapy. One authority,
representing the very cost-conscious British healthcare system, has stated that prostate MRI
will not “break the bank...and when looked at from a cost-of-care perspective it not only
generates better health outcomes, but it does so at less cost.*2” When patients are given a
choice between blind and targeted biopsy, their preference is clear, not unlike their choice
between laparoscopic and open prostatectomy. How this preference (and the supportive
data) will affect decisions of 3" party payers is not yet clear.

Like any valuable new technology, targeted prostate biopsy is evolving rapidly, and current
methods are certain to improve in the near future. Refinements in MRI are on the near
horizon, and radiologists trained to perform and interpret prostate MRI will increase in
number. Under study is the possibility of omitting dynamic contrast enhancement (DCE)
from mpMR, leaving a ‘bi-parametric’ test which would be quicker and cheaper than the 3-
part mpMRI currently employed. Compared to the other 2 parameters (T2 and diffusion),
DCE adds the least in terms of target definition. In one recent study, omitting DCE was
found to detract little from the diagnostic value of standard mpMRI43, raising the potential
for a rapid, image-based screening test.

The evolution of the most powerful parametric pulse sequence, diffusion-weighted imaging,
by using complex image processing techniques on diffusion tensor imaging, can produce
improved maps such as restriction spectrum imaging (RSI). RSI improves upon DWI by
discriminating between hindered and restricted diffusion and is therefore more sensitive to
changes in cell size and shape, and incorporates geometric distortion correction to improve
co-registration?4. Moreover, pulse sequences such as RSI may allow standardization of
diffusion imaging across scanners, which is currently lacking. When RSI was applied to
diagnosis of brain tumors, the tumor signal was enhanced by 10-fold over conventional
diffusion imaging®®. Preliminary studies indicate that RSI may also be of great value in
prostate cancer®4.

Industry-driven improvements in image-fusion hardware and software are expected soon,
because of the large market potential for improving prostate biopsy. Image-fusion devices
will become smaller and easier to use than at present. Co-registration accuracy will increase,
and graphical user interfaces will become more intuitive. Already, targeted prostate biopsy
has a serious online visibility, and various support groups are making it a priority item.
Attempts to image CaP via modalities simpler than MRI (e.g., elastography, contrast-
enhanced ultrasound) will continue. Trans-perineal biopsy systems employing MRI/US
fusion guidance are under development. Pilot research into focal therapy, using technologies
derived from image-guided biopsy, has already begun6. A comparison of the present time
in targeted prostate biopsy with the mid-1970s in personal computers seems entirely
appropriate!
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Figure 1. Value of Targeted Biopsy to Evaluate Men for Active Surveillance (Example Case)
A man aged 68 years was referred for active surveillance when a conventional biopsy

revealed a small focus of low-grade prostate cancer. A confirmatory biopsy was later
performed using magnetic resonance imaging/ultrasound (MRI1/US) fusion to target a
suspicious region. Top row: Multiparametric MRIs from a T2-weighted image (A), a
diffusion-weighted image (B), and a dynamic contrast-enhanced image (C). The delineated
region of interest (arrows) was assigned a grade 4 or 5 level of suspicion?!. Bottom row:
During fusion biopsy, the region of interest from an MRI is superimposed on a US image
(D). Systematic and targeted biopsy cores (tan lines) were obtained and recorded on a digital
reconstruction of the prostate using an MRI/US fusion device (Artemis; Eigen, Grass
Valley, Calif) (E).

A targeted biopsy revealed potentially lethal, high-grade cancer, and radical prostatectomy
was performed. A whole-mount prostate sample reveals high-grade cancer (large arrow) that
was not detected on an earlier conventional biopsy (F). The small arrow indicates a focus of
low-grade cancer that was identified on an earlier “blind” biopsy. Targeted biopsy provides
more accurate characterization of whole-gland pathology than conventional (blind) biopsy
and is increasingly used to evaluate men for active surveillance3*. In the example case, a
targeted biopsy revealed that the patient was a poor candidate for active surveillance.
Reprinted with permission, American Cancer Society?’.
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Figure 2. Example of Falsely Negative MRI in Patient P.M
Patient is a 68 year old Caucasian male (PSA 3.8 ng/ml), who on a previous conventional

biopsy was found to have a microfocus of Gleason 3+3=6 prostate cancer. He was
considered for active surveillance, and mpMRI of prostate was obtained (A): prostate
volume was found to be 35cc; no region of interest (ROI) was identified, even
retrospectively. Mapping biopsy was performed by following the 12-point template of the
Artemis device (B). A tissue core from the left lateral apex revealed 6 mm of Gleason
3+5=8 prostate cancer (C, 4x; D, 20x). Radical prostatectomy was performed, revealing a
tumor on the left side of the prostate with diameters of 15mm x 12mm x 9 mm.

In our experience, the incidence of falsely negative MRI (i.e., Gleason Score >7 with no
MRI evidence of tumor) is 15% when using biopsy evidence?? and approaches 30% when
using whole mount prostatectomy evidence30. When biopsy is clinically indicated, a
negative MRI should not preclude mapping biopsy.
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