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Cover Letter

October 11, 2018
To the Editor:

Please find attached our proposed submission to the Medicine section of the Journal of
Visualized Experiments. Men continue to be overdiagnosed with prostate cancer and
overtreated. We present a protocol for using MRI-ultrasound fusion technology to perform
targeted biopsy of the prostate. This technology has recently been demonstrated to improve
the detection of clinically significant prostate cancer while reducing the detection of
insignificant cancer. These findings have the potential to radically change the profile of men
diagnosed with prostate cancer, limiting diagnosis to those who would benefit from treatment.
We very much appreciate your consideration.

Sincerely,
Rajiv Jayadevan, MD
Leonard Marks, MD
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24
25  ABSTRACT:
26  Here, we present a protocol to perform targeted prostate biopsy using a magnetic resonance
27  imaging-ultrasound (MRI/US) fusion system. Prostate cancer has traditionally been diagnosed via
28  transrectal ultrasound (TRUS) biopsy. Though considered the gold standard, TRUS is unable to
29  visualize most prostate cancer lesions and therefore requires sampling of the entire prostate.
30 This biopsy method often undergrades prostate cancer and fails to detect up to 35% of cancers
31 oninitial biopsy. Prostate MRI has been shown to have excellent sensitivity in the detection of
32  cancerous lesions, and advancements in MRI technology during the last decade have led to the
33  development of targeted biopsy. In targeted biopsy, a software platform overlays MRI data onto
34  live TRUS images to create a fused MRI/US three-dimensional model of the prostate. Regions
35  suspicious for malignancy on MRI are contoured by a radiologist, uploaded into the fusion
36 system, and then displayed within the live MRI/US fused model. The urologist is then able to
37 directly biopsy these targets. When compared to conventional TRUS biopsy, MRI/US fusion
38 technology has been demonstrated to improve the detection of clinically significant cancer while
39 reducing insignificant cancer detection. This technology, therefore, has the potential to diagnose
40  prostate cancer primarily in men who would benefit from treatment.
41
42  INTRODUCTION:
43 Prostate cancer is the second most common cancer in American men, with nearly 165,000 cases
44  diagnosed in 2018%. The majority of these cases were diagnosed via transrectal ultrasound
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(TRUS)-guided biopsy, a methodology that was first developed in the 1960s before gaining
widespread acceptance in the 1980s2. In TRUS biopsy, the clinician typically performs a sextant
biopsy, systematically sampling the base, middle, and apex of each hemigland3. Despite being
long considered the gold standard for diagnosis, TRUS biopsy has several shortcomings. Because
ultrasound usually fails to visualize cancer, a TRUS biopsy is performed by systematically sampling
all parts of the prostate, rather than aiming at individual targets (Figure 1). Thus, TRUS biopsy is
“blind” and under-grading occurs in as many as 46% of patients, and up to 35% of cancers are
undetected on the first TRUS biopsy*°.

Prostate magnetic resonance imaging (MRI), reported as early as 1983, has revolutionized
prostate cancer diagnosis during the past decade®. Multiparametric MRI (mpMRI) combines T1
and T2 contrast imaging with diffusion weighted imaging (DWI) and dynamic contrast
enhancement (DCE) to create both an anatomic and functional assessment of the gland’. This
combined multiparametric imaging modality facilitates tumor visualization and has been shown
to have superior ability to detect prostate cancer. As compared to TRUS biopsy that has a
sensitivity of approximately 60%, mpMRI has been demonstrated to have sensitivity as high as
96% in the detection of lesions that are later confirmed to harbor prostate cancer®1%. To increase
standardization of mpMRI interpretation, the European Society of Urogenital Radiology
developed the Prostate Imaging-Reporting and Data System (PI-RADS) for regions of interest
(ROI) that are suspicious for prostate cancer!?. ROls are graded on a five-point Likert scale, where
a score of 1 has very low risk of malignancy and a score of 5 is considered a high-risk lesion. ROls
classified as Grade 3 or above are often pursued during prostate biopsy.

Advancements in MRI technology have led to the development of targeted prostate biopsy,
which is facilitated by MRI-ultrasound (MRI/US) fusion. In this modality, a software platform
overlays mpMRI data onto live transrectal ultrasound images and creates a fused three-
dimensional (3D) model, enabling the operator to visualize an MRI-detected ROl in real time on
a monitor. Once both the MRI and US are registered, ROIs seen on the MRl image are transferred
to the ultrasound image. These ROIs may then be individually targeted, known as the “targeted
biopsy”. The trajectory of each needle and biopsy core location are tracked with a high degree of
accuracy and registered within the software system (Figure 2). This allows the clinician to
resample a target within 3 mm at any follow-up biopsy session?>14, Biopsy tracking is particularly
useful in active surveillance programs in that foci of low-risk cancer may be reliably monitored
for pathologic progression over time.

During the past decade, several MRI/US fusion devices have been developed for commercial use,
and several studies have investigated the efficacy of this biopsy method. Two large prospective
trials recently demonstrated the value of MRI/US fusion technology in the diagnosis of prostate
cancer'>, |n both studies, guidance by MRI/US fusion was compared to standard sextant TRUS
biopsy in men with MRI-visible lesions. When MRI/US fusion was used, targeted biopsy detected
more cases of clinically significant prostate cancer than TRUS biopsy alone, and in one of the
studies the new method detected fewer cases of insignificant prostate cancer®®. With reduced
detection of clinically insignificant cancer, guided biopsy can spare many patients the emotional
distress of a cancer diagnosis as well as the morbidity associated with further prostate biopsies.
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Patients harboring intermediate or high-risk prostate cancer are likely to be diagnosed via guided
biopsy and can be referred for treatment accordingly.

UCLA launched its MRI/US fusion biopsy program in early 2009 with the release of the first Food
and Drug Administration (FDA)-approved fusion biopsy platform. Several platforms have now
been developed and are available internationally. Each uses proprietary software and hardware
to merge MRl and US data in real time to enable targeted biopsy. Table 1 presents data for several
of the most commonly used fusion systems'’. The UCLA experience is primarily with the Artemis
and UroNav systems, via which the vast majority of fusion biopsies in the United States are
currently performed.

Performed in the clinic under local anesthesia, this new biopsy method is rapidly gaining adoption
for the diagnosis and surveillance of prostate cancer. Herein we provide a technical protocol for
performing targeted prostate biopsy via MRI/US fusion.

PROTOCOL:
When used in a research capacity, the protocol provided below strictly follows guidelines
established by the UCLA human research ethics committee.

NOTE: The methods described here are those used at UCLA for performing targeted biopsy of the
prostate using the Artemis system. All patients undergoing fusion biopsy have had mpMRI of the
prostate, which has been interpreted by an experienced uro-radiologist who has read over 3,500
prostate MRIs. Lesions visible on mpMRI have been classified as PI-RADS 1-5, with PI-RADS 3-5
lesions selected for targeted biopsy. Prior to the procedure, MRl images are uploaded to software
for prostate and target contouring by the radiologist. All patients undergoing targeted biopsy also
undergo systematic biopsy, guided by a template generated by the fusion device software. If no
discrete targets are seen on MRI, only software-guided systematic biopsy is performed. Patients
with suspected or previously-diagnosed prostate cancer are considered eligible for MRI/US fusion
biopsy. Patients with bleeding diathesis or inability to tolerate biopsy without sedation are
considered ineligible.

1. Machine initiation and biopsy plan selection
1.1. Power on the workstation computer and the workstation cart.

1.2. Enter the new patient’s information or select a patient if the patient has already been
registered within the software system. Import the MRI data that have been uploaded via the
device’s contouring software.

1.3. Select biopsy plan type (e.g., MRI-TRUS fusion biopsy, revisit biopsy, or systematic biopsy).
Select all three biopsy plan types to allow for biopsy of new targets, resampling of prior locations,
and the performance of a systematic sextant biopsy. The fusion system prompts the physician to
select either 6 or 12 biopsy locations to be proposed if choosing systematic biopsy (i.e., either 1
or 2 cores from each anatomic sextant).
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NOTE: In the UCLA practice, all patients undergoing targeted biopsy also undergo simultaneous
systematic biopsy. Twelve systematic biopsy cores rather than six are usually taken for the sake
of thoroughness.

2. Patient preparation

2.1. Prescribe an enema and direct the patient to use it the morning of biopsy for rectal vault
cleaning.

2.2. Administer antibiotics one hour prior to the start of the procedure. Administer either
fluoroquinolones, first, second, or third generation cephalosporins, or aminoglycosides as
recommended by the American Board of Urology.

NOTE: It is critical to review the local antibiogram when selecting the antibiotic to be used. At
UCLA, 1 g of Ertapenem is administered intramuscularly one hour prior to the procedure. This
decision was made based on the UCLA antibiogram. There have been no post-biopsy septic
episodes for the last 1,500 MRI-US fusion biopsies performed.

2.3. Place the patient in the left lateral decubitus position. Place the patient’s back nearly parallel
to the edge of the bed, with the patient’s legs pulled toward the chest to provide maximum range
of motion for the biopsy device’s tracker arm. Ensure that the patient’s buttocks are positioned
slightly off the edge of the bed.

2.4. Prepare the patient’s anus. Soak a sponge stick in the preferred antiseptic solution and swab
the perineum and anus, starting away from the anus and moving toward the anus.

2.5. Perform a digital rectal examination. Insert a gloved and lubricated index finger into the
rectum and direct anteriorly to palpate the prostate.

NOTE: If a nodule or induration is palpated, biopsy of the abnormality should be performed.
3. TRUS probe preparation

3.1. Attach the needle guide to TRUS probe.

3.2. Apply ultrasound jelly directly to a clean TRUS probe.

NOTE: At UCLA, all TRUS probes are disinfected via an automated system that uses vaporized
hydrogen peroxide solution.

3.3. Fit a condom cover onto TRUS probe directly over the ultrasound jelly and secure it in place
with a rubber band.
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4. Administer periprostatic nerve block

4.1. Gently insert the lubricated end-fire TRUS probe into the patient’s rectum. Advance the
probe until a two-dimensional (2D) transverse view of the prostate is clearly visible on the
monitor and adjust the probe until the approximate center of the prostate is visible.

4.2. Obtain an estimated prostate volume by measuring prostate height, width, and length.
Calculate prostate specific antigen (PSA) density if desired by dividing PSA value by prostate
volume.

4.3. Turn on the on-screen biopsy guide in order to visualize needle trajectory.

4.4. Adjust the probe laterally until the junction between the prostate and seminal vesicle is
visualized, representing the area where the prostatic neurovascular bundle enters the gland.

4.5. Insert a 22 G spinal needle through the needle guide channel on the TRUS probe. Advance
the needle into the junction between prostate and seminal vesicle.

4.6. Infiltrate this space with 10 cc of 1% lidocaine, creating an ultrasonic wheal.

NOTE: Correct infiltration will cause a separation of the seminal vesicles and prostate from the
rectal wall.

4.7. Readjust the TRUS probe to administer periprostatic nerve block on the contralateral side.
Wait 1 min for adequate anesthesia to be achieved.

5. Dock the tracking arm

5.1. Adjust the TRUS probe such that the prostate’s greatest diameter is visible in transverse
orientation.

5.2. Position the workstation cart next to the patient in order to visualize the workstation screens
while also observing the patient.

5.3. Ensure that the tracking arm is in the “park” position. Place the two tracking arms
approximately 90° from each other.

5.4. Unlock the tracker arm and position it directly underneath the TRUS probe while holding the
TRUS probe in place within the patient’s rectum.

5.5. Lift the tracker arm to place the TRUS probe into the cradle of the tracking arm and secure
the clasp. The TRUS probe is now secure.

5.6. Lock the stabilizing arm.



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

6. Three-dimensional image acquisition
6.1. Slowly rotate the TRUS probe clockwise along its long axis for approximately 200°.

NOTE: The ultrasound system will acquire 2D images and reconstruct them to create a 3D
ultrasound model that is stored within the software platform.

6.2. Outline the prostate by placing 6-8 green digital markers along its border in both the
transverse and sagittal images displayed on the workstation screen. A 3D reconstruction of the
prostate will then be created by the software and displayed.

6.3. Review the 3D ultrasound model of the prostate to ensure the prostate is visible in all slices.

6.4. Refine the proposed boundaries of the prostate on the 3D ultrasound reconstruction by
clicking the correct prostate boundary on the grayscale image. Only perform refinement if there
is a discrepancy between the green contour and the true boundary of the prostate.

7. MRI registration

7.1. Perform rigid registration in the sagittal orientation of the MRI presented on the display
screen. Select two landmarks on the MRIimage (e.g., superior-most point and inferior-most point
of the prostate along the rectal wall) and place a digital marker on each. Place two digital markers
on corresponding landmarks on the displayed ultrasound image.

7.2. Perform rigid registration in the transverse orientation. Again, select two landmarks on the
MRI image (e.g., anterior-most point and posterior-most point of the prostate) and place a digital
marker on each. Place two digital markers on corresponding landmarks on the displayed
ultrasound image.

NOTE: Elastic registration is automatically performed.

8. Target acquisition

NOTE: Contoured targets from the mpMRI as well as digital markers denoting a template for
systematic biopsy are now superimposed onto the 3D prostate model created during the
acquisition step.

8.1. Select the first ROl to be biopsied.

8.2. Depress the clutch near the tracker arm handle to release the tracker arm braking system.
Gently move the tracker arm toward the desired target. Once the yellow digital marker is in the

desired location over the target — now highlighted in red — release the clutch to reengage the
brakes on the tracker arm. The tracker arm is now secure in space.
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8.3. Disengage the rotation brake by pushing the lever just left of the tracker arm handle forward.
Gently rotate the tracker arm to align the yellow digital marker until it is superimposed onto the
desired target. Pull the lever to reengage the rotational brakes.

9. Motion compensation

9.1. Prior to each biopsy, assess whether the live ultrasound images remain registered within the
ultrasound reconstruction. If the border of the prostate on live ultrasound is contained within
the series of green digital markers, proceed to section 10. If the green digital markers no longer
correctly demarcate the border of the prostate, carry out motion compensation.

9.1.1. Select the motion compensation option on the monitor.

9.1.2. Choose three landmarks on the 3D prostate reconstruction and place a digital marker on
each. Place digital markers on the corresponding landmarks on the live ultrasound view of the
prostate in order to bring the 3D model back into registration with the live ultrasound.

10. Prostate biopsy and needle recording

10.1. Place the 18 G biopsy gun into the needle guide mounted on the TRUS probe.

10.2. While observing the monitor, advance the biopsy needle toward the red bowtie-shaped
visual aid that is displayed over the live ultrasound image. Advance the needle tip to intersect the
middle of the bowtie-shaped marker.

10.3. Depress the footswitch pedal to begin recording the sequence of 2D ultrasound images for
3D biopsy location recording, which will be used to mark the site of the completed biopsy and

can be revisited at a later time for future review.

10.4. Fire the biopsy needle by depressing the button on the biopsy gun. Pay careful attention to
the streak of the needle on the ultrasound.

10.5. Release the footswitch to stop needle recording and then remove the biopsy gun from the
needle guide.

10.6. Hand the biopsy gun to the assistant. Let the assistant open the sheath and deposit the
biopsy core into its own labeled specimen cup containing 10% buffered formalin.

11. Needle segmentation
11.1. Review the needle trajectory recording and observe the white streak the needle creates

when viewed by ultrasound. Compare the streak on the recorded ultrasound frames to the red
needle auto-segmentation line that appears as an overlay within the pop-up window. Save the
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needle auto-segmentation if it is accurate in order to permanently store the location data for this
biopsy core.

11.2. If needle auto-segmentation is inaccurate, correct the trajectory manually.

11.2.1. Use the toggle arrows to scroll through the needle recording sequence until the needle
image frame is found.

11.2.2. Define the needle tip and trajectory by marking the points corresponding to beginning
and end of the needle streak. Click on the tip of the streak to define the needle tip and click on
the bottom of the streak to define the needle trajectory.

11.2.3. Save this needle segmentation or readjust once again.

NOTE: Saving will permanently store the location data for this biopsy core and overlay it onto the
3D model.

12. Remaining tissue extraction
12.1. Repeat sections 8-11 until tissue is extracted from all desired locations.

12.2. Determine the number of cores to obtain from each mpMRI-recognized ROI. In order to
ensure that each ROl is well-sampled, consider obtaining cores at set intervals (e.g., every 3 mm),
or from both the center and the periphery.

13. Conclude the biopsy session

13.1. Unlock the stabilizer arm. Gently remove the TRUS probe from the patient’s rectum. Apply
pressure with gauze pads for 5 min in order to facilitate hemostasis.

REPRESENTATIVE RESULTS:

Between 2009 and 2015, 1,042 men underwent MRI/US fusion biopsy at UCLA for either elevated
PSA, abnormal digital rectal exam, or for confirmation of low-risk prostate cancer in patients
considering active surveillance. Subjects underwent mpMRI of the prostate with a 3 Tesla magnet
prior to biopsy. ROIs were graded on a 1-5 Likert scoring system based on suspicion of
malignancy that was developed at UCLA prior to the establishment of PI-RADS. Similar to PI-RADS,
the UCLA score is based on T2-weighted imaging, DWI, and DCE. Regions graded as “1” had
normal T2-weighted imaging, normal DCE, and ADC on DWI of >1.2 x 10 mm?/s, while regions
graded as “5” had a dark nodule with mass effect on T2-weighted imaging, profoundly abnormal
DCE, and ADC on DWI of <0.6 x 10> mm?/s.

Following mpMRI, the MRI images were transferred to the fusion biopsy system’s contouring
software in which ROI contouring was performed, and then sent to the MRI/US fusion biopsy
device. This system was used to obtain targeted cores from ROls (if present). All patients
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underwent a 12-core systematic biopsy using a template generated by the fusion system
regardless of whether targeted biopsy was performed. All sextants were sampled during
systematic biopsy, including those that contained ROls. The primary outcome was the detection
of clinically significant prostate cancer, defined as Gleason score 27. The detection of clinically
significant prostate cancer was compared between the different fusion biopsy strategies in
patients with at least 1 ROI of > grade 3. The biopsy strategies compared were targeted biopsy,
systematic biopsy, and the simultaneous performance of both targeted and systematic biopsy
within the same session, known as the “combination biopsy.”

Figure 3 demonstrates the performance of combination biopsy compared to targeted biopsy and
systematic biopsy. Among all patients, 825 patients had at least one ROI classified as grade 3 or
higher. For maximum ROI grade, 435 patients had a grade 3 lesion, 301 had a grade 4 lesion, and
89 had a grade 5 lesion. Among the 825 patients with an ROl > grade 3, combination biopsy had
the greatest detection rate for clinically significant cancer. While 289 cases of clinically significant
disease were detected via combination biopsy, 229 patients with clinically significant disease
were identified using targeted biopsy alone and 199 were identified with systematic biopsy
alone. Combination biopsy also identified a greater number of high-risk (> Gleason 8) prostate
cancer cases, with 89 high-risk cases diagnosed with combination biopsy compared to 74 via
targeted biopsy alone (p < 0.001) and 51 with systematic biopsy alone (p < 0.001). Of this group,
15 patients with high-risk disease would have otherwise been undiagnosed if only targeted
biopsy was performed.

The identification of clinically significant prostate cancer was directly related to ROI grade. 80%
of men with a grade 5 ROl had Gleason >7 disease compared to 24% for men with grade 3 ROI.
Combination biopsy also outperformed both targeted biopsy and systematic biopsy for all grades
of ROI (Figure 4).

FIGURE AND TABLE LEGENDS:

Figure 1: Transrectal ultrasound image of prostate. Conventional transrectal ultrasound (TRUS)
image of prostate in transverse orientation. Orange dots demarcate sextant biopsy plan. The
TRUS method is usually blind to tumor location since most tumors are not visible on ultrasound.

Figure 2: 3D reconstruction of prostate. 3D reconstruction of the prostate (upper panel) and MRI
with visible region of interest (ROI) shown in transverse, sagittal, and coronal views (lower
panels). The ROl is shown in green (upper) and contoured in green (lower). Cores positive for
malignancy are shown in red. Other cores shown in blue are negative, making this patient a
possible candidate for focal therapy.

Figure 3: Diagnostic performance of systematic biopsy, targeted biopsy, and combined
approach among patients whose mpMRI revealed at least one ROI of grade 23 (n = 825). The
number of patients diagnosed with prostate cancer (CaP; y-axis) versus the biopsy strategy (x-
axis) is shown. Combining targeted and systematic biopsies resulted in the detection of 60
clinically significant cancers undetected by either alone (light gray, p < 0.001 versus systematic
and targeted alone), and an additional 15 high-risk cases (black, p < 0.001 versus systematic and



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

targeted approach). This figure is adapted with permission from Filson et al.%.

Figure 4: Relationship between the ROI grade and presence of cancer. This figure shows the
proportion of patients with 21 ROl on MRI (n = 825) with a diagnosis of clinically significant CaP
(n =289, 35%) (y-axis) stratified by ROI grade (x-axis). Combination biopsy (black checked bars)
outperformed systematic biopsy (dark diagonal bars) and targeted biopsy (light hatched bars)
across all ROI grades (p < 0.001). Overall, 80% of patients with a grade 5 ROI had clinically
significant CaP (versus 24% grade 3 ROI, odds ratio 9.05, 95% confidence interval 4.96-16.50).
This figure is adapted with permission from Filson et al.*°.

Figure 5: Growth of MRI/US fusion biopsies at UCLA. Chart showing the number of MRI/US
fusion biopsies performed annually at UCLA since inception of the program in 2009. At UCLA, the
new technology is used for first-time biopsy, for repeat biopsy, and serially for men in active
surveillance.

Table 1: MRI/US fusion devices commonly used in the United States and internationally. This
table is adapted with permission from Elkhoury et al.'’.

DISCUSSION:

The use of MRI/US fusion to guide prostate biopsy promises major advantages over traditional
TRUS guidance in the diagnosis and surveillance of prostate cancer. TRUS biopsy is unique among
image-guided biopsies in that tissue is not obtained from specific lesions, since the majority of
prostate tumors are invisible on ultrasound'®. The mpMRI has enabled urologists and radiologists
to visualize and risk-stratify prostate lesions, helping to triage patients toward or away from
biopsy. MRI/US fusion biopsy technology facilitates the sampling of MRI-visible lesions with great
accuracy and reproducibility, and thus enhances the detection of clinically significant cancer
compared with conventional TRUS biopsy.

The greatest value of MRI/US fusion technology lies within its ability to precisely project MRI-
detected ROIs onto TRUS images for targeting. The accurate superimposition of MRI and TRUS
images is therefore essential. Several critical steps performed during MRI/US fusion biopsy —
either automatically or with clinician input — increase the accuracy of each biopsy. First and
foremost is motion compensation, initiated by the clinician. Patient movement, even if slight, is
unavoidable during an unsedated biopsy and can shift the overlay of MRI data onto TRUS images.
The result is a “targeted biopsy” that misses its target. Motion compensation brings both MRI
and TRUS images back into registration with one another. It is imperative to carry out motion
compensation during MRI/US fusion biopsy in order to confirm absence of motion, and to
frequently assess whether MRI and TRUS images remain accurately superimposed.

Compensation for other types of prostatic distortion is also performed during MRI/US fusion
biopsy. Rigid registration, also performed by the clinician, corrects for prostate orientation
differences based on patient positioning. These discrepancies occur because the mpMRI is
acquired while the patient is in the supine position, while the 3D ultrasound is acquired while the
patient is in the lateral decubitus position. Once rigid registration is complete, elastic registration
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is automatically performed by the software system. Elastic registration compensates for
compression of the prostate from the TRUS probe. These advanced software-mediated features
of MRI/US fusion enable the accurate sampling of ROIs, thus enhancing cancer detection.

During targeted biopsy, care must be taken to ensure proper sampling of an ROI. Biopsy of ROIs
with the highest level of suspicion (as defined by PI-RADs v2) should be performed first, followed
by ROIs with lower level of suspicion, and finally the systematic sextant biopsy. This
recommendation is based on the idea that tracking and image quality can decrease with each
biopsy due to gland movement, prostate edema, or hematoma development. Accurate targeted
biopsy is reliant on minimal anatomic discrepancy between prostate mpMRI and TRUS.

When sampling ROls, physicians should adhere to a biopsy strategy that maximizes the sampling
of suspicious tissue while minimizing biopsy time and patient discomfort. One such strategy
involves obtaining all cores from the center of the ROI. This method theoretically allows for tissue
within an ROI to be sampled even if registration of MRI and TRUS s slightly skewed. Another
strategy is to sample the center of the ROI as well regions in the periphery that may harbor a
different grade of cancer. Larger ROIls may require a greater number of cores to ensure
appropriate sampling. At UCLA, the general guideline is to obtain 1 core of tissue every 3 mm of
the longest axis. All biopsies directed at an ROl are considered to be targeted biopsies.

In recent years, an effort has been made to change prostate cancer screening methods in order
to reduce overdiagnosis and overtreatment. The importance of diagnostic modalities that bear a
high yield for clinically significant disease has increased. Because of the accuracy of MRI-US fusion
for biopsy guidance, clinicians have sought greater implementation of this technology*1>6, At
UCLA, more than 3,500 fusion biopsies have been performed since the program’s inception in
2009, an experience amongst the nation’s largest (Figure 5). There has been continued growth
of the program as the value of MRI/US fusion is increasingly recognized and new uses are
developed. The ability of this technology to resample foci of cancer prompted the establishment
of an active surveillance program based entirely on MRI/US fusion biopsy. Since 2009, more than
750 men with low-risk prostate cancer have been enrolled. Each patient undergoes MRI/US
fusion biopsy every 1-2 years to resample both the original foci of cancer and systematically,
other parts of the prostate. Patients with no pathologic progression remain on active surveillance
and avoid radical treatment (and the possible adverse effects of such treatments). The diagnosis
and surveillance of patients with MRI/US fusion technology leads to improved detection rates of
those patients in need of treatment.

During initial biopsy using MRI/US fusion, systematic sampling is obtained along with targeted
sampling of visible lesions. In this combination biopsy, both biopsy methods are performed using
the MRI/US fusion system. The site of every biopsy core is recorded, both within and outside of
MRI-visible lesions. The combination biopsy via the MRI/US fusion system allows detection of
more clinically-significant prostate cancer than either method alone®®. Why some lesions are
undetected by MRI remains unclear. Some morphologies of prostate cancer, such as the
aggressive cribiform variety, are not readily distinguishable from surrounding normal tissue on
MRI?°, Undetected cancer foci later discovered on whole mount pathology are often small, and
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lesions less than 0.5 cc are frequently invisible on MRI?L. Though small in volume these lesions
may have relatively large surface areas, making them more likely to be detected via systematic
biopsy than targeted biopsy. Systematic biopsy via the MRI/US fusion device may also be more
beneficial than conventional TRUS systematic biopsy, since the software is able to propose biopsy
locations that help to ensure an even sampling of the entire prostate. This enables the mapping
of anatomic locations traditionally difficult to biopsy, such as the anterior prostate, and allows
them to be included as part of systematic biopsy.

In addition to facilitating diagnosis, MRI/US fusion technology has the potential for use in the
treatment of prostate cancer. Using fusion systems, lesions of cancer are accurately mapped and
may then be targeted specifically for treatment. Known as “focal therapies,” these types of
selective treatment are currently used to treat low and intermediate-risk disease as alternatives
to radical therapy. Recently, a phase | clinical trial on focal laser ablation of prostate cancer was
performed using MRI/US fusion technology to facilitate accurate targeting of each intermediate-
risk tumor?2. Following treatment, patients were surveilled with mpMRI and had repeat MRI/US
fusion targeted biopsy of the treated lesions to evaluate for persistent cancer. Evaluating the
success of focal therapies would be challenging without the ability to accurately resample specific
locations, as enabled by software tracking.

MRI/US fusion biopsy also has disadvantages. First and foremost, the cost to implement this
system currently relegates it primarily to academic centers and large group practices. An MRI/US
fusion device may cost upward of $150,000 to purchase. Expenses are not limited to the actual
device, however. In order to fully take advantage of the technology, patients must have access
to both multiparametric prostate MRI and specially-trained uro-radiologists. Community-based
practices — where the majority of patients in the United States are treated — will likely be unable
to implement fusion technology due to current costs. Another impedance to the adoption of this
technology is the time required to perform a fusion targeted biopsy. With the help of a trained
assistant, each biopsy requires approximately 15 minutes, not including the time needed to
upload and review MRI data. Two to three conventional TRUS biopsies may be completed during
the same time period, which may serve as a financial disincentive for some urologists. In studies
to date, the new technology is believed to be cost-effective because of the increased efficiency
of cancer diagnosis.

Men diagnosed with prostate cancer continue to be overtreated. MRI/US fusion biopsy
technology has the potential to dramatically change the profile of men diagnosed with this
disease. With less detection of insignificant disease and a greater yield of clinically significant
tumors, we may soon diagnose mainly those who would benefit from surveillance and treatment.
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Figure 3. Biopsy type
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(Eigen, USA)

Robotic Arm

mechanical arm)

Biops
Device Tracking Approaches TRUS Probe Movement Psy
Approach
In/out and rotational
Artemis Position-Encoded Joints on /ou I !
movement only (fixed to Transrectal

BioJet
. Position-Encoded Joints on In/out and rotational Transrectal or
(GeoScan Medical, . .
Robotic Arm movement only transperineal
USA)
BiopSee . . In/out and rotational
. P . Position-Encoded Joints on . .
(Pi Medical, i movement only (fixed to Transperineal
Robotic Arm .
Greece) mechanical arm)

Real-Time Virtual
Sonography
(Hitachi, Japan)

Electromagnetic Field
Generator for co-registration
of MRl and US images

Freely movable by hand

Transrectal or
transperineal

Electromagnetic Field

France)

fused to 3D MR image in real
time)

UroNav
) Generator for co-registration |Freely movable by hand Transrectal
(Invivo, USA) .
of MRl and US images
Software image-based
Urostation (Koelis tracking
"1(3D US volume elastically Freely movable by hand Transrectal
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Comments

Robotic arm minimizes human error
Training required to learn software and manual
manipulation of TRUS biopsy via mechanical arm

TRUS-probe mounted to angle-sensing mechanical
arm that exports information on probe position to
workstation.

Biopsy setup similar to brachytherapy;
Diagnostic setup can potentially be used for
treatment setup.

TRUS probe guides transperineal biopsies

Primarily used in Japan; little studied elsewhere

First office-based fusion platform on market
Familiar freehand TRUS approach

Most common platform in Europe
Relies purely on 3D TRUS image tracking without
any beam-tracking external hardware.
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Name of Material/ Equipment Company

Artemis Fusion Biopsy Machine Eigen
Disposable biopsy gun Bard
Ertapenem (Invanz)

High Level Disinfectant Nanosonics

Lidocaine 1%

Lidocaine needle Remington Medical
Needle Guide Civco
Reuseable biopsy gun Bard
Ultrasound machine Hitachi Aloka Noblu

Water Soluble Lubricant McKesson
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Catalog Number

MC 1825

Ref CNM-2210(1)

MN 1825



Comments/Description

Disposable Core Bx Instrument (penetration depth 22mm, length of sample notch 1.8 cm, guage & nee
1 gm IM x 1 (one hour prior to biopsy)

Trophon ER

15-20 mL (10mg/mL)

Chiba Needle Marked; 22g (0.7mm) x 25.4 cm

Sterile Endocavity Needle Guide (with 2.6 x 30 cm and 3.5 x 20cm latex covers)

Magnum 18G x 25cm Needle

C41V probe (End-Fire Transducer)



dle length 18g x 25 cm)



License Agreement =

Author License Agreement (ALA)

Click here to access/download

Signed.pdf

Author License Agreement (ALA)

ay Y

"IS06°SY6°LT9 T+ 40 W02 ano[@suolssiwigns 1e sn 10e3uod aseajd ‘suoiisanb 104

95U DUD

a1 ‘ul yuoy 19s syuswauinbas pue suonejiuwn) jje o1 13lgns
1nq ‘uf papiaoad se 9oy ay3 ul sy yons j|e ojgnd syj 01
el AgaJsy Joyiny ay3 pue JAO[ ‘DA0ge T Wl Ul PaYdayd
ussq sey xoq ,ss900y uadQ, Syl §| ‘SIBWIO} pue eipswl
13410 ul sySit 3y 9s1049xe 01 Alessaoau Ajedluyoe) aJe se
SUOIIROIPOW (aNs d3ew 03 JYSu 3y} apnjoul pue ‘pasiAsp
19}}BaJsY JO UMOUY MOU J3Ylaym ‘S]eulio) pue eipawi ||e
ul pasiotaxa aq Aew sy Sulo8auo) ay] "enoge syl 4O [[e U0
Aue op 01 59410 85U} 01 (2)PUB SHIOM BAIIDS]|0D) 4O SHIOM
SAIBALISQ ‘SIORJIXD ‘souewwnS ‘suorieldepe ‘suoliejsue.l
yons uj anoqe (e) ul yHoj 185 s1ysid 8yl JO ||e 9SI0JeXs pue
321y 3Y3 Jo uoipod Aue Jo ||e uo paseq SHJOA BAIID]|0D) JO
(03pIA BY3 ‘uonENWI| INOYUM ‘BUIpndUL) SHIOM BAlIBALISQ
J3Y10 JO B]DINY 3y} JO SIORIIXS U0 saLBWWNS ‘suopeidepe
91eaud  ‘s98endue] JSYlO0 OlUl SPIMY  dY) Sle[suesy
01 (g) ‘pl4om ay3 Inoysnouyl (o) d1uoi1ds|s pue [eusip
‘upd ul uonenwl| Inoyum Suipnjoul) padojsasp Jayestsy
10 UMOUY MOU J3Ylaym elpaw pue S1euo) ‘swuoy [je ul
SJ2IMY 9Y3 24015 pue Ag|dsip ‘@1nquisip ‘@onpoudau ‘ysijgnd
01 (e) asuad (018J8Y3 suolsusixe Aue Juipnpul PPy
3y ul ySuAdoo Jo wuey ||ng oY) Joy) jenyadiad ‘eauy-AljeAos
‘ONISN[OXa BUl ‘MOjaq £ pue { Suoias 01 1aa[gns ‘JAOf
03 sjueJd AgaJay Joyiny ayl ‘9)a1Hy ays ysijgnd o3 Bulaside
JAOf JO UONEISPISUOD U] "SIV Ul SIYSIY JO Jueln €
"O3pIA 843 pue SPIUY 8y} 01

pue ul Aped yaes 4o s1y3u aA1309dsau sy3 Juswasu8y Siy3 ul
SZ|[BlIOWBW 01 34ISIP Sa1lIed 9yl ‘S|eod yons Jo souessylng
U] "|9PIMY BYl UO paseq SOSPIA HWSUBIL PUB 3]1B3UD pue
31y 3yl ysgnd JAO[ 3yl SAeY 01 S3JISIP ‘S]2ILY Y} JO
uooa10.4d pue UCITBUIWBSSIP BY1 84NSUD O J3P.IO Ul ‘BdIHY
21 JO Joyine ay3 st oym ‘Joyiny sy "punoidyoeg Z
Jeadde

j0u Aew Jo Aew Joyiny 3yl Yolym Ul pue ‘|pPIUY Byl JO

ENALSTARS

uorpod Aue o jje Suiiesodiooul ‘senued Jsyio Aue Jo Joyiny
83Ul YHM uoI1BI0qe[|0d ul Jo Ajlenpiaipul ‘siuade Jo seieljie
sy Jo JAOf Ag Jo ‘saiued usyio Aue yum uonounfuod uj
JO 3uoje ‘Joyiny syl Aq spew (s)os3pia Aue suesw ,09pIA,,
{JAO[ pue Joyiny syj suesw ,Sallied, ‘09pIA 8yl Jo / pue
SPIUY 8y} suesw ,S|eladlel, ‘syuswuadxg pezijensip jo
|eudnoray] jo Jaysijgnd syl pue uoiesodiod s133snydesse|p|
e ‘uonesodio) snofA suesw ,JAOf, ‘S|ELIDIBIA Byl JO
uoJ1eaJd 3y JO 3wl ayl e paiojdws sem Joyiny ayl yaiym
Aq “qusweau8y siy1 jo a8ed 1se] Y3 UO PaISI| ‘UoIINISUL BY]
suesw ,uonnuisu], ‘peidepe JO ‘pauULIOjSURI} 1SBIRJ O]
Aew sjeua1ep 9Y1 YoIym Ul Wioy J9Yy1o Aue 1o ‘uojiesuspuod
quawsSpuge  ‘voinposdas  pe  ‘Suipiodal punos
‘uojsian ainyojd uojIOW  ‘UOHEZI[BUCIDL ‘UOHEZIIBWEIP
‘QuawaBue.le [B2ISNW ‘UOIIe[SURI] B SB 4INs ‘SyJom uilsie
-34d J3Y30 pue sjeulely 3yl uodn Jo sjeudiepy syl uodn
paseq 3JOM e sueaw ,)IOM dAIIBALIR(,, ‘Bpod|eds|/o g/pu

-0u-Aq/sasuadi|/810°suowwoddAeaL//:dny
e punoj 9 UBD YdIym JO SUORIPUOD pue SWId]
3yl ‘awasu8y pauodun (¢ SALUSQ ON-{BIISWWO) UON
-uonNQquURY SUOWILLIO) SA[IEID 3] SUBIW ,9SUadi] JHD,
{3]0YyMm BA11I3[|0D B OJUI PIJGUIDSSE BJE ‘SBA|ISWIBY] Ul SHJOM
juspuadapul pue 3jejedds SupnUIsSUOd  ‘suoiINGIIUOD
J3Y310 JO Jaquinu e yum Suoje ‘wuoy payipowun ui A1aanus
119Y3 Ul sjeuale\l 941 Yyaiym ul ‘ejpadoppAaus uo ASojoyjue
‘ansst [edipoLiad e se yons HJoMm e suesl IO SAIIS)I0D,,
‘uswaaJ8y siyl 01 AJojeudis e sI oym Joyine sy} suesaw
Aoyiny,, ‘UIaJayl pPaulBluOd S3LEBWWNS 10 ‘sloesisqe
“Jiomuie ‘sa|qe] ‘saundly ‘s1x9) e Yons S[elIalew pajeoosse
Aue Suipnpui ‘quawsa.8y siya jo 38ed 1se| syl uo psyoads
dpIHE 3Y) suesw 3Py, USWSUSY DSUSdI O03IPIA
pue 91Uy SIYl suesw Juswaaldy, :sSuiuesw uimo||o}
By} 9ABY ||BYS SwI®]l SUIMO[j0} By} ‘QuBWRaIdy |5uUsdI]
O9PIA PUE 3PIUY SIY] UL PSsSN Sy “swia) psuysq T

1NIW3IFYOV ISNIDIT O3AIN ANV FTIILEY

‘99Ao|dws JusWUIBA0S S31e)S PayuN B Se SaKnp 13y Jo SiY JO 9SIn0d
3y} ul pasedaud | ON 249M sjeLIDle 9yl Ing 99A0|d WS JUSWILIDA0Z $91B1S PILUN B Sl Joyiny wr_._._H_

-99A0]dWa 1UBWIUIBA0S SB1R1S PRNUN B SB S3IINP J8Y IO SIY JO 9SIN0I
2y} Ul paiedaid alam sjelalelp ayl pue aaAojdwa JUBWUISA0OS S1R1S pPaun e St Joyiny mﬁ_H_

‘99A0jdws JuswWuUIBA03 S9181S PAUN B LON S!I0yIny 3y

$s900y uadQ

:SWa)l SUIMO]|0} BY] JO AUO 18]35 Jseajd 17 Wl

S$S92JYy piepuels D

:eIA (ystignd /wos-anol-mmm//:dny

Je  paquisap se) I|gejileAe oSpew g S[EUIIBN 9Yl DABY O] SII9@ Joymny ayl T way

i

b o7V T oV (TR0 T3
PV 'S otz (BRARLS G (WARYAYYT ATy

Ud4d w3138 Vdd
:(s)doyiny

ATdax 3Ivaitoad OV yHL
BAZIHS oLl (VOISTNE GOUMOSy UL -1y 30 35T

:S[OIMY JO SUL

INJNTFEOV ASNDIT OFAIA ANV FTDILYY

wWoeosAoamMm | %E%mgzws
1S05°So6Lg ey | 2O IO

OPLZ0 VI ‘eBpLgWET |
002# JaWs0 Bymaly |
] [ ]



https://www.editorialmanager.com/jove/download.aspx?id=944575&guid=86998458-0931-4b54-bc98-ca99772338d5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=944575&guid=86998458-0931-4b54-bc98-ca99772338d5&scheme=1

"IS06°SY6°LT9 T+ JO Wod aA0[@SsuoIssiLgns 1. sn 10eju0d asea|d ‘suonsanb 1o

ENASTAR

OFTTO0 VIN “©3puquie) / 00Z# 4191UD 9JIM3|Y T / [BONPT JAO[ :UNY / JAOT 01 JUSWINDOP Y IR '€

9€CC’TRE' 998 T+ 01 JUSWNI0P Ayl Xeq °¢

9MS uoISSILGNS JAO[ 9Y]J UO UOISISA D1U0IIII|3 ue peojdn T
:spoylaw aa4yl 3uimoj|o} ayi Jo suo Aq asuadl| siyl 4o Adoo paiep pue pausis e Jwqgns ases|d

m»\ \\\\O\ 1318 :aunjeusis
\\\wn\.v
LORGIIRY  AMaiodY) oL
V1o :uopNASUJ
AO o109 Y)
:uswedag
VAT M
G VRIAYTT MR, e
HJOHLNY DNIANOdS3IHYO0D

‘uoissiwgns Jad paJinbal s Juswaa48y sU0 AJUQ *SUOISSIWIGNS MBU ||B UHM JUSS 94 ISNL JUSWN0p siy3 jo Adod pausis v

‘JusWea.8Y SIy3 Jo

Adoo paudis [euiSLio ue Jo AJaAljap se 10343 |eSa] swes ay3
SABY 0] PaWS3P 24 |[BYS UDISSILISUERI] JjUCIIII[S JO Sueaw
13410 JO [lew-3 ‘Sliwisoe) Aq passAlop Juswasudy Syl Jo
Adod pausis v JuswoaiSe swies 8y} pue suo sw 0} pawasp
9q |leys Jsyia8o1 yoiym jo [je ng ‘jeuidio ue powssp
24 [|_Ys Ydiym Jo yoes ‘spuediatunod ul paindaxs aq Aew
1UsWS3U8Y SIy| “Jspunatsyl uolsinosd me| Jo Ijuod Aue
01 193448 JuUIAIZ INOYUM S1I9SNYIEBSSBIAl JO Yl|ESMUOWIWIOD)
9yl JO SME| |euJSlul Sy} Ag pSNIISUOD pue paUIBA03
34 ||eys uswasudy SIyl "s9auSisse pue $10Ssa2oNs S, IA0f
J0 Aue jo sususq syl 03 aanul [[eys pue JA0f Aq pausSisse
2q Aew juswaaily SIy] "meT SuluI9A0D “I3jSuel] g7
‘paAIsdad s uswAed |11un papuadsns aq [|IM S|BLIB1BIA

ay1 jo uonedlgnd pue uoponpoad ‘Suiwiy jo uonajdwod
oyl Ag psaedas 10u s juswAed § ‘gAof Ag pasunoul
sesuadxa uoponpoud-aud JaA0D 01 934 00TTSSN B Ul 3jnsal
Jim |enosdde mainsd saad [euly Jsye S|eLIBIB palNwgns
Aue JO Joyiny 3yl Aq [eMBIPUYLAA “I0YINY SY3 O} pauJniad
3Q [Im spun) ®say} ‘uoispep uononpoud JO [eLIOHpPD
ue 031 enp paysijgnd 39 JouU S[ELBIBIAl Y1 P|NOYS "2310AUI
Jo sAep Tz ul anp s| JuswAeq ‘sjelaley 3yl uopedlgnd
pue uoponpodd sJojeq juswAed sSA@ISI Isnw JAOT
‘uoneaijqnd Jo4 pPa44ndul 1509 By} JSN0D Of "S934 €T
*S1012e.41U0 Juspusdapul Jo sjuale ‘sasAojdws

S1 ‘JAO[ JO SUOISSIWO JO SIOB ‘YUM UOID3UUOD Ul JO
‘Aq paiinoul saewep Jo $3550| YaNs apnjoul |[Bys ssajuliey
Suipjoy pue uofedyjuwapul yons ‘safewep Jo SISSO|
pies 03 paie[aJ S1502 pue s99) s Asuiolie s, 3AOf 8pnpul [|eys
uisssy papiroad suonesyuwspul [y esuadxs s Joyiny
31 38 UaelI3pUN B3q |[eYS pue Joyiny 3yl Jo Aujigisuodsau
3yr Ajgjos =q |jeys saunpsgoud  uopeUIWIEIUOIBP
10 ssauljues|d ‘Uonez||LS1S ||y °SJ010BJUOD Juspuadapul
Jo sjusFe ‘seshojdws sy 0T Ag ospia B Jo Supjew Byl

INIWITEOV ISNIDIT O3AIA ANV FTIOILEV

0} BNp UOI1BUIWEBIUOD AQ 1O SSBUIJUEI|D JO YIB| ‘UOIIBZI|IIBIS
40 doe| Aq pasned seSewep ‘wodj ssejwiey JAOL pjoy ||_Ys
pue 10} s[qIsuodsal 3q |[eYs JOYIny sy "JAOr Aq aiaymas|e
1o 3a0r ul uonesignd 4o ‘JA0r Ag SOIpIA JO Supjew ‘JAOf
01 3Jom Jo uoissiugns ayy o1 Aem Aue uj pajejas saSewep
10 $3550| J9Y10 pue s9pjiqel] ‘ssuleping 1o saunpadotd
‘sme| ‘suonen8aul ‘sajnJ Jay1o Jo Adeand ‘quswiiesuy [ewue
pue uewny ‘eaiyis ‘jeudsoy ‘Aiojesoge| ‘jeuoninsul o
suonejoia ‘Ainfu jeuosiad ‘e8ewep Auadoud ‘syuswpiadxs
“uswdinba ‘Youessss ‘uonewesp ‘|9qi ‘pnedy ‘ssii|oe}
s,U0IIN1IISuUl §,J0YINy 8yl Jo S Joyiny ay3 03 afewep ‘syysu
Auadoud [en1oa)j|s1ul JO UOIIBOIA JO S9DURISUI JO suoljedajje
WwioJ} JO ujaJtay paujejuod Ajueriem Jo uopiejuasaidal Aue
40 Joyiny 3yl Aq yoesuq sy} wouy Suijnsau ‘sesy s Asulole
Buipnpoul ‘sasuadxs pue ‘s1s05 ‘swiejd || pue Aue jsuiele
pue wodj JAO[ SSS|WJey pjoy pue Ajuwspul 0} ssa.de
Jsyun) Joyiny Syl "uleJsy pauleluod suollejussaldal
J3410 Jo Auesiem Aue jo yoeauq Aue jo ino Suisue ‘soay
s Asuione Suipnpu) ‘sasusdxs pue ‘s1s02 ‘swie |[B pue
Aue jsuie8e pue wouy sugisse pue s10SS822Ns s} J0/PUB JAOf
Ajluwisput 01 ssaJde Joylny sy "uonediuwapu] T

31| @Y1 pue Jus3uod ‘Aljenb ‘yi8us|
‘Aue ji ‘uonesjgnd jo Suiwiy ‘Suiwjy ‘Sunysy ‘Suilpe
Suipiedal suolsiosp | 031 ‘uonejwi] noyum ‘Suipnpul
‘sjelaeln a4l Suysijgnd pue Supjew Jo poyiaw sy 03 se
uoB.IISIp 3]0S sey JAOf 10U Jo paysijgnd Ajjenioe usyiaym
‘O3pIA 3y} ew 01 AJBSS9IBU SB UOIINIASUL S Joyiny Byl
40 JO Joyiny 3yl JO S91[IDB) SY] O} SS8I0B PaJSIId4UN ‘||n}
9ABY |[BYS S1010e11U0D Juspuadepul pue syuade ‘sashojdws
S1i pue JAOf “JAO[ 01 palwgns jdom Aue aujap Jo 1dadoe
01 ‘si0jaJay} uoseas Aue Suinlf 1noyum pue UORBIOSIP
3|0S pue 91njosqe S} ul “WYSu Sy} SaAISSIL JAO[ “Joyine
yons yoes woly sjuswaaudy ISusd] O3PIA pue dIIUY
pa1ndaxe ‘918|dwod paA@al Sey 1l Se Wl YINS [[JUN 321Uy
9y} 01 103dsal yum uoioe Aue 93el 10U 1082 ‘UORBUSIP

Wwoed saA0 4T>) Sk SINT N GHZETYNSA
407 O
sossrag e | 20

o
-V \a| |

0024 JEUBD BIMaY |
@



Rebuttal Letter Click here to access/download;Rebuttal Letter;Letter Re
Corrections.docx

12/11/18
To the Editor,

Thank you for your rapid turn-around of our edits. We have made the changes you requested to
the manuscript. Please see details below.

1. We have corrected the order of references 14-16

2. We have removed the reference to Ahmed’s study. After review, we did not feel that it
fit in well with references 15 and 16. Therefore, no discussion of template biopsy with
mpMRI is needed.

3. We have added further discussion on the number of systematic cores to be taken. The
software only proposes either 6 or 12 locations. There are no other options. We choose
12 systematic cores for the sake of thoroughness.

4. We agree with incorporating the discussion on using hydrogen peroxide solution as a

“Note” in step 3.2.

We have spelled out PSA and discussed how PSA is obtained

Step 11.1: the needle streak is observed in real time on the ultrasound image

We agree with the adjustment of step 11.2.

Regarding the merger of steps 12 with 11 — we feel that it is best to keep these steps

separate, since step 11 is about Needle Segmentation. We feel that discussing the

number of cores to obtain from each ROI should be in its own step, since it is separate

from needle segmentation.

9. We agree with removing the reference to “Hodge and Stamey’s
legend

10. We have spelled out CaP (prosate cancer) and csCAP (clinically significant prostate
cancer)

11. We have spelled our Odds Ratio and Confidence Interval

12. References included in the figures are correct

13. The Reference list has been corrected to incorporate “et a
authors

© Nownw
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study from Figure 1’s

III

if there are 6 or more

12/10/18
To the Editor:

Thank you very much for the constructive edits and comments that you provided for our
manuscript titled “Use of MRI-Ultrasound Fusion to Achieve Targeted Prostate Biopsy.” We
have made the following changes to our manuscript, as recommended by your team.

1. We have read through the manuscript to ensure no grammatical or spelling errors are
present.
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10.

11.
12.
13.
14.
15.

16.
17.

18.

We have provided copyright permission for figures that are reproduced. Figure legends
include appropriate citation.

We have provided email addresses for each author.

We have attached all figures as “SVG” files as well as “PDF” files

We have modified the long abstract to more clearly state the goal of the protocol.

We have removed commercial language, including “™”.

We have reduced the number of instances that the text refers to “Artemis” to 2. The
remaining mentions of “Artemis” inform the reader of the make/model of the MRI/US
fusion system that protocol is based upon.

We have provided an ethics statement before the numbered protocol steps.

We have removed personal pronouns from the manuscript.

We have revised the protocol to contain only action items in the imperative tense. Text
that cannot be written in the imperative tense has been added as a “Note” at the end of
the appropriate step. The number of “notes” have been reduced in the protocol, and
are used only sparingly where we believe they are necessary for the reader’s
comprehension. A few minor areas of protocol discussion have been moved to the
Discussion section of the manuscript.

We have provided Inclusion and exclusion criteria for MRI/US fusion biopsy to the
protocol.

We have described Steps 2.4 and 2.5 more fully.

We have provided instructions on the calculation of PSA density.

We have simplified the protocol to only contain 2-3 actions per step and a maximum of
4 sentences per step.

We have ensured that all highlighted text includes at least one action written in the
imperative tense

We have provided relevant details that are required to perform each highlighted step.
We have added an expanded discussion of several critical steps within the Discussion
section of the manuscript.

We have sorted the Table of materials in alphabetical order.

Edits based on Reviewers’ comments:

Reviewer #1:

We have replaced the term “understaging” with “undergrading,” which we agree is a
more accurate description.

2. We have provided the citation by Ahmed.
3. We have provided a description of how the systematic biopsy locations are proposed by
the device.
4. We have provided further detail on how the number of systematic cores is determined.
Reviewer #2:

Major comments:



We have provided further detail on the UCLA prostate lesion scoring system that was
used prior to the development of PI-RADS v1 and PI-RADS v2. We have given
descriptions of how a “grade 1” lesion differs from a “grade 2” lesion in terms of T2
imaging, dynamic contrast enhancement, and diffusion weighted imaging. This
description illustrates to the reader how similar the PI-RADs and UCLA scoring systems
are.

We have defined “targeted biopsy” as any biopsy aimed at an ROI, regardless of the final
pathology.

We have expanded upon the definition of “combination biopsy” and have included it in
the Representative Results section (a brief description was previously in the Discussion
section).

We have added discussion of several critical steps from the Protocol to the Discussion
section of the manuscript. This new section elaborates on motion compensation, and
strategies to properly sample an ROIl. We have kept the discussion of active surveillance
based upon fusion biopsy as we believe it demonstrates the relevancy of the fusion
platform in several aspects of prostate cancer management.

We have added a discussion of critical steps that help to maintain biopsy precision
within the Discussion section. This section mainly discusses the importance of elastic
and rigid registration as well as motion compensation. It is certainly true that, if the
patient position changes, registration accuracy and the precision of the procedure can
be somewhat reduced. However, this platform employs rigid and elastic registration
that is able to compensate for minor variations in patient position. We have read the
article by Cornud that incorporates Euclidian geometry, but we did not feel strongly
about commenting on it for this methods paper.

We understand the importance of assuring TRUS probes are properly disinfected, as
mentioned by the Reviewer. At UCLA, all TRUS probes are disinfected via an automated
system that uses vaporized hydrogen peroxide solution. We did not add this description
to the protocol since different institutions may use other disinfection methods that are
equally effective. If this step is included in the final video, we will be sure to add a
segment on disinfection.

We have removed the non-metric system measurement (inch) from the manuscript.
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