Journal of Visualized Experiments
Focal Laser Ablation of Prostate Cancer: An Office Procedure

Article Type:
Manuscript Number:
Full Title:

Corresponding Author:

Corresponding Author's Institution:
Corresponding Author E-Mail:
Order of Authors:

Additional Information:

Question

Please indicate whether this article will be
Standard Access or Open Access.

Please specify the section of the
submitted manuscript.

Please confirm that you have read and
agree to the terms and conditions of the
author license agreement that applies
below:

Please provide any comments to the
journal here.

Please indicate whether this article will be
Standard Access or Open Access.

--Manuscript Draft--

Methods Article - Author Produced Video
JOVEG61984R3
Focal Laser Ablation of Prostate Cancer: An Office Procedure

Wayne Grover Brisbane, MD
University of California Los Angeles
Los Angeles, CA UNITED STATES

University of California Los Angeles
wbrisbane@mednet.ucla.edu
Wayne Grover Brisbane, MD
Shyam Natarajan

Alan Priester

Ely Felker

Adam Kinnaird

Leonard Marks

Response

Open Access (US$3000)
Medicine

| agree to the Author License Agreement

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation


https://www.jove.com/files/Author_License_Agreement.pdf

Manuscript Click here to access/download;Manuscript;61984_R3.docx x

1
1 TITLE:
2 Focal Laser Ablation of Prostate Cancer: An Office Procedure
3
4  AUTHORS:
5  Wayne G. Brisbane!, Shyam Natarajan?, Alan Priester?, Ely R. Felker!, Adam Kinnaird?, Leonard S.
6  Marks!
7
8 1. University of California Los Angeles, Los Angeles, CA, USA
9 2. University of Alberta, Edmonton, Alberta, Canada
10
11  wbrisbane@mednet.ucla.edu
12  snatarajan@mednet.ucla.edu
13 apriester@mednet.ucla.edu
14  efelker@mednet.ucla.edu
15  ask@ualberta.ca
16  Imarks@mednet.ucla.edu
17
18  CORRESPONDING AUTHOR:
19  Wayne G. Brisbane
20
21  Keywords:
22 Prostate Cancer, Focal Therapy, MRI
23
24 SUMMARY:
25  This article presents and describes an outpatient treatment for prostate cancer using focal laser
26  ablation. Laser catheter placement is guided by MRI-ultrasound fusion imaging in a fashion
27  similar to prostate needle biopsy. Treatment is monitored in real-time with a thermal probe,
28  placed adjacent to the laser fiber.
29
30  Abstract
31 Inthis article, we describe and illustrate an outpatient procedure for focal laser ablation (FLA) of
32  prostate cancer (PCa). The procedure is conceptually similar to a fusion biopsy and is performed
33  under local anesthesia in a clinic setting; treatment time is usually less than one hour. Laser
34  insertion is guided by ultrasound; lesion targeting is via magnetic resonance imaging-ultrasound
35 (MRI/US) fusion, as in targeted prostate biopsy. Real-time ablation monitoring is achieved
36 utilizing a thermal probe adjacent to the laser fiber. The video demonstrates procedure planning,
37 patient preparation, various steps during the procedure, and treatment monitoring. Safety,
38 feasibility, and efficacy of this approach have been established during a previous trial. OQutpatient
39  FLA under local anesthesia is an option for management of intermediate risk prostate cancer.
40
41  Introduction:
42  Prostate cancer (PCa) is the most common internal malignancy in U.S. men®. Approximately
43 190,000 new cases and 33,000 deaths are expected during 2020, making it the second most

common cause of cancer death in men?. Most cases of PCa are curable if treated while localized
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to the prostate. However, identifying cancer within the prostate is often not possible with
conventional ultrasound (US) imaging; thus, treatment has traditionally involved surgery or
radiation of the whole gland. The ‘whole-gland’ paradigm has been altered with the introduction
of magnetic resonance imaging (MRI), which, in contrast to US, enables localization of PCa and
targeted biopsy3~®. While MRI likely underestimates the multifocality of PCa’, and may miss small
lesions?, it can reliably identify the index lesion, which is almost always the driver of metastatic
disease® 19,

Reliable MRI identification of index lesions has provided a path for focal treatment of PCa (i.e.,
partial gland ablation (PGA)). The aim of PGA is to destroy the index lesion while preserving the
organ and thus minimizing side effects. Focal laser ablation (FLA), which employs light energy to
destroy tissue through coagulative necrosis' 12, is one form of PGA. The effectiveness of laser
energy to ablate prostate tissue was established in 199313, suggesting the placement of laser
fibers into prostate cancers for that purpose. Using MRI for guidance of fiber placement and MRI
thermography for treatment monitoring (i.e., in-bore treatment), near-term success rates of FLA
appear to approach those of surgery or radiation> & 12 1419 However, laser procedures
performed in-bore, or within an MRI tube, are often cumbersome, expensive, time-consuming,
and resource-intensive. And in-bore procedures are only performed by sub-specialty trained
radiologists.

As an alternative to in-bore FLA, the feasibility of performing FLA in a clinic setting---using MRI/US
fusion for guidance and an interstitial temperature probe for treatment monitoring--- has been
under study at UCLA since 2014 29, The FLA procedure in a clinic setting has proven to be similar
to that of targeted biopsy, substituting a laser fiber for a biopsy needle. In comparison with HIFU
and cryotherapy, which are the other currently available methods of PGA, the laser method
described here is quick and inexpensive, without need for an operating room or general
anesthesia.

This article aims to describe and demonstrate outpatient FLA under local anesthesia in a urology
clinic. Urologists who are familiar with MRI/US fusion for targeted biopsy will appreciate the
similarities of FLA to the biopsy procedure. Secondary objectives include describing technical
elements that facilitate ease of use and describing benefits of focal therapy.

Protocol:

NOTE: The methods described here are those used at UCLA for performing FLA of the prostate.
The research project, including the protocol, were approved by the UCLA institutional review
board (IRB). All patients have had targeted biopsy of the prostate, in which the MRI has been
interpreted by an experienced uro-radiologist. Lesions visible on MRI were biopsied within the
region of interest (ROI) and outside the ROI using a systematic template. The positive biopsies
and MRI region of interest are used to plan treatment with laser ablation in order to treat the
index lesion and create a margin of treated tissue around the tumor, given that MRI
underestimates the size of the tumor.?! Only patients with intermediate risk prostate cancer
(GG2-3 PSA < 20, Stage < T2), a single index ROl and no contralateral clinically significant prostate
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cancer are considered eligible for treatment. Patients with bleeding diathesis or inability to
tolerate treatment without sedation are considered ineligible.

1. Treatment Planning

1.1. Prior to treatment, plan ablations targets using input from the MRI and biopsy
coordinates.

1.2.  Perform current treatment planning with customized software available on an interactive
web-based treatment platform in the future.

2. Procedural Room Preparation

2.1. Display a laser warning sign outside of the procedure room.

2.2.  Position the workstation for comfortable access.

2.3. Power on the workstation, fusion device and transrectal ultrasound.

2.4.  Enter login credential and select the desired patient from the default work list containing
unexecuted plans.

NOTE: New treatment plans can be added via a USB or internet connection as detailed in the user
manual.

2.5. Hang a bag of saline from the designated hook on the workstation; a waste saline return
bag is also attached.

2.6.  Prime the saline tubing by allowing gravity flow of fluid prior to locking the tubing. The
saline is then connected to the peristaltic pump and hung for later use during the procedure.

3. TRUS probe preparation
3.1. Apply ultrasound jelly directly to a clean TRUS probe.

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

3.2. Fitacondom overthe ultrasound jelly onto the TRUS probe and secure it at the base using
a rubber band.

NOTE: Per standard practice attempt to remove air bubbles trapped under the condom.
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3.3.  Place a multi-channel guide over the condom and lock it in place using the metal clamp.
A second condom with internal ultrasound jelly can be placed over the multi-channel guide to
augment patient comfort.

4. Patient preparation

4.1. Direct the patient to cleanse their rectal vault with and enema on the morning of the
biopsy.

4.2. Ensure that the patient has obtained prophylactic antibiotics 60 minutes prior to the
procedure??,

NOTE: At UCLA, 1 g of Ertapenem is administered intramuscularly 60 minutes prior to the
procedure. This decision was made based on the UCLA antibiogram and had prevented post-
biopsy septic episodes over the last 1500 transrectal biopsies.?? Given this success, we elected to
also use it for transrectal laser ablation.

4.3. Provide patients with Acetaminophen 1000 mg PO, Ketorolac 30 mg IM, and optionally
but recommended Diazepam 10 mg PO, 60 minutes prior to the procedure.

NOTE: Patients may experience a moderate desire to void or pressure in the penis during the
procedure. In our experience, no narcotics are beneficial.

4.4. Patients may find it useful to bring personal music and headphones as an additional
anxiolytic.

4.5.  Place the patient in the left lateral decubitus position as for transrectal biopsy.

4.6. Record patient vital signs prior to beginning the procedure and at 30-minute intervals.

5. Administration of prostatic nerve block

5.1. Insert the lubricated TRUS probe until the center of prostate is clearly visible.

5.2.  Optimize the ultrasound gain, time gain compensation (TGC sliders on the right of most
ultrasounds), depth and focus so that the prostate is centered within the ultrasound viewing
monitor.

NOTE: The optimal gain results in a medium-gray image within the peripheral zone. The TGC
sliders are best set at a gradually sloping angle to compensate for wave attenuation of distant

tissues. The ultrasound depth and focus will depend on prostate size. The focus should be set to
the peripheral zone to optimize visualization of acoustic markers on the laser catheter.
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5.3.  Activate the on-screen biopsy guide and place a 22 gauge spinal needle through the
center of the multichannel guide to anesthetize the prostate.

NOTE: At UCLA we anesthetize the prostate in the sagittal plane by placing 10-20 mL of
Lidocaine/Marcaine at the junction of the prostate and seminal vesicles. Correct infiltration will
cause a separation of the seminal vesicles and prostate from the rectal wall.

6. MRI-US fusion

6.1.  Position the imaging fusion system and workstation close enough to the patient in order
to visualize the workstation screens while also observing the patient.

6.2. If using the Artemis, use a technique for docking and image registration previously
described.?*

7. Target acquisition

7.1. Navigate the ultrasound to the center of the first ablation site using digital targets
supplied by the fusion device. This process is similar to guiding the ultrasound to a MRI region of
interest during fusion biopsy.

NOTE: Each ablation site is determined from the MRI region of interest and positive biopsy cores
(Figure 1). The patient’s treatment plan should be transferred to the workstation and fusion
device during procedure room preparation described above.

7.2.  Select the current ablation zone.
8. Placement of laser catheter and temperature probe
8.1.  Place the 14-gauge laser catheter into the center chamber of the multichannel guide.

NOTE: The multichannel guide is curved to provide slight friction thus preventing treatment
elements from slipping backwards during ablation. Overcome this friction by rotating back and
forth while advancing the laser catheter into the prostate.

8.2.  Advance the laser catheter until four echogenic bands are visualized and aligned with the
on-screen depth marker. For a peripheral zone ablation, the markers will be several mm outside
the prostate capsule (Figure 2).

NOTE: In the case of a fibrous posterior capsule, the laser catheter may deflect rather than
traversing the prostate capsule. Any deflection will be visible on the ultrasound during the
insertion. Should deflection occur, remove the laser catheter and insert a leader, such as the
sturdy thermal probe, to create a pilot opening in the capsule. The laser catheter can then be
advanced as planned.
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8.3. Insert the thermal probe to the left or right of the laser catheter depending on the
treatment plan. At the correct depth, the thermal probe interlocks with the laser catheter handle,
allowing it align in the correct orientation.

NOTE: After placement, check that the slot on the thermal probe seated into the handle of the
laser catheter. The thermal probe will magnetically lock in place and prevent rotation during
treatment.

8.4. Connect primed intravenous tubing from the saline bag to the proximal inflow port on the
laser catheter.

8.5.  Connect the returning saline from the distal outflow port to a clear drainage bag so that
returning fluid can be visualized.

NOTE: Circulating saline around the laser catheter will cool the fiber during treatment

9. Perform the Safety Checklist

9.1. While on the treatment monitoring screen, select the desired ablation site. Once the
appropriate ablation is selected, press ‘CONFIRM SELECTION.” A safety checklist will now occupy
the left side of the workstation monitor.

9.1.1. NOTE: This step will begin circulating saline through the laser catheter. Small bubbles
introduced when connecting the intravenous tubes are initially visible on ultrasound around the
laser. This can act as an additional check for the laser catheter position.

9.2. Follow the safety checklist, ticking off the boxes once complete.

9.3.  Ensure that all individuals in the room don laser safety goggles including the patient.

9.4. The workstation computer system will automatically check the thermal probe to ensure
that all thermocouples are reading uniform body temperatures between 30 — 40 °C.

9.5. Confirm that the laser catheters’ four echogenic bands are located at the prostate
capsule, as placement of the thermal probe may push the prostate away from the laser catheter.

NOTE: The ablation zone begins 5 mm distal to the echogenic markers and extends another 27
mm in length and 18 mm in diameter (maximal).

10. Performing the Laser Tissue Ablation

10.1. Once the safety checklist is complete press ‘START LASER’ to begin the ablation.



263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

10.2. Monitor treatment progress in real-time using temperature readings, timer, and damage
map.

NOTE: Evaluate tissue temperature utilizing the multi-line graph to the left of the prostate model.
The rectal temperature is marked in white and should not exceed 42 °C. Temperature at the tip
of the laser catheter is marked in blue (Figure 3). The laser will automatically shut off if the laser
tip exceeds 75 °C or the rectal wall exceeds 42 °C.

NOTE: Once the laser is active, monitor treatment time at each ablation site using the red bar at
the top of the screen. A damage map gives a 3D representation of treated tissue based on
temperature and time.

NOTE: Note changes on B-mode ultrasound. Prostate tissue usually does not change in
appearance during laser ablation. With serial treatments the tissue may take on a hypoechoic
appearance, but US visualization primarily serves for positioning of the laser.

NOTE: Monitor for concerning ultrasound features as follows:

10.2.1.1. Swirling micro bubbles forming beyond the echogenic laser catheter bands may
indicate a leak in circulating saline due to super-heating. While this has no safety impact,
treatment progress may be slowed.

10.2.1.2. An increase in hyperechoic nature or ‘whitening’ of the rectal fat may occur if the
laser catheter is inadvertently pulled back, causing heating of the perirectal fat.

10.2.1.3. If either of these ultrasound findings are observed laser treatment should be
stopped.

10.3. The laser automatically stops once the timer runs out, but a practitioner can elect to end
the ablation manually by pressing ‘STOP THE LASER.” Saline will continue to flow, cooling the laser

tip.

NOTE: Consider stopping the ablation early if temperatures plateau above 55 °C for greater than
60 seconds.

10.4. Keep the laser catheter and thermal probe in place until the temperature of the laser
catheter has dropped below 42 °C, thus preventing rectal wall heating during withdrawal of the
laser catheter.

11. Subsequent ablations

11.1. Position the ultrasound at the next ablation site using the digital targets supplied by the
fusion device.
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11.2. Assess whether the live ultrasound images remain registered to the prostate MRI, and
perform a motion compensation if needed.

NOTE: If using the Artemis, the technique for motion compensation is described in the previously
referenced video.?*

11.3. On the treatment monitoring screen, the initial ablation site will now be greyed out;
however it can be treated again if deemed necessary.

11.4. Select the next ablation site from the left side of the screen and repeat the process
described in steps 8 — 10.

12. Conclude Treatment Session

12.1. Once all ablation sites have been treated, a ‘FINISH TREATMENT’ button will appear.
Pressing this button will display a treatment review screen that displays quantitative metrics for
the treatment session.

12.2. Remove the TRUS probe from the patient's rectum. Manual pressure may be applied to
the rectal wall overlying the prostate to facilitate hemostasis.

Representative Results

The published results of FLA are shown in Table 2. A variety of methods and technologies are
included. More than 400 patients who have undergone various forms of FLA for treatment of PCa
are found within the SEER database.?> To quantify the number and characteristics of FLA reported
in the literature we performed a systematic review of Medline and the Cochrane Library. Our
search was performed using whole-field search terms including “focal laser ablation” and
“prostate cancer.” In total, 247 titles and abstracts were reviewed. Only cases reporting focal
laser ablation, MRI, and oncologic outcomes were included. 13 peer-reviewed publications
qualified for inclusion, representing 333 total patients (Table 1).

Treatment was performed with a 980 nm diode laser in all but 2 studies.?® 2/ Treatment
parameters consisted of power levels between 6 — 18 Watts and treatment times spanning 1 -4
minutes per ablation site (Table 1). Treatment temperature monitoring was supplied by MRI
thermometry in 9 studies and by direct temperature probe measurements in 3 studies (Table 1).

All studies were performed in-bore, except those by Lindner and the later study by Natarajan.?®
26, 27

Median baseline PSA for the cohort was 5.7 (range 1.1 — 14.8). Following FLA, median PSA at 3,
6, 12 and 24 months was 3.9, 5.5, 3.8, and 3.9 respectively. Median baseline IPSS for the cohort
was 6. Following FLA, median IPSS at 3, 6, 12 and 24 months was 5, 5.5, 7.3 and 11.5 respectively.
Median baseline SHIM for the cohort was 20. Following FLA, median SHIM at 3, 6, 12 and 24
months was 19, 18, 20, and 19 respectively.
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Across all studies, complications were inconsistently reported; however there was only one
complication classified by the authors as Grade Ill (a urinary tract infection).® The authors did
not specify the features that classified this as a grade Ill event. Two recto-urethral fistulas, both
closing spontaneously after prolonged catheterization,® were reported as grade Il adverse
events.

Oncologic follow up was grouped by follow-up period: less than 6 months, one year, and two
years (Table 2). Follow up biopsy was performed by MRI guided in-bore biopsy in 4 studies, and
MRI-US fusion biopsy in 6 studies. Two studies utilized systematic biopsy and two studies
performed ‘treat-and-resect’ investigations where the prostatectomy specimen was evaluated.
Treatment success was defined according to a Delphi consensus protocol.?® In-field success was
defined as the absence of 2 GG2 PCa within the prior ablation site. Out of field failure was defines
as 2 GG2 outside the area of prior ablation. Among patients with follow up biopsy results, overall
in-field success following treatment at 6 months (N=83), 1 year (N=64) and 2 years (N=39) was
83%, 83%, and 59% respectively (Table 2).

At UCLA, FLA of the prostate has been performed in three successive clinical trials starting in
2014.2°-31 18 men with intermediate risk prostate cancer have undergone FLA, eight in-bore and
10 in clinic, without any grade Ill adverse events. Currently, an additional 10 men are undergoing
FLA using the demonstrated device.?! All patients were evaluated before FLA with a 3T MRI (body
coil), and MRI-US fusion biopsy with sampling from the ROl and systematic biopsy within 6
months of treatment. Both baseline and follow up biopsies were performed under MRI/US fusion
guidance using the Artemis fusion system with tracking of all biopsy sites.

Table 1: Reported studies of focal laser ablation.

Table 1: Dash (-) indicates information not available within the published manuscript. * indicates
each margin was planned individually. # indicates monitoring was performed with both a
temperature probe and MRI thermometry.

Table 2. Outcomes of focal laser ablation

Footnotes Table 2. Success = absence of 2 GG2 prostate cancer within the ablation zone. Failure
= presence of > GG2 prostate cancer: total and out-of-field (subscript number). # indicates MRI
guided biopsy was used for 6 months biopsy but only systematic biopsy was used for 12-month
biopsy. * indicates that only patients with a PSA reduction of < 50% and positive post ablation
MRI underwent biopsy; 76 patients did not undergo biopsy.

Figure 1: Treatment Planning and Assessment, shown via overlays on transverse MRI (top row)
and in 3D (bottom row). Column A shows the delineation of treatment margins, which are
expanded around the cancer-positive MRI target and bounded by nearby negative systematic
biopsy cores (blue). Column B shows planning of ablation locations such that the treatment
margins are overlapped to prevent ‘skip’ areas. Column C shows perfusion-weighted imaging
collected 2 hours post-treatment, demonstrating correspondence between the planned and
observed ablation extent.
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Figure 2: Axial ultrasound with prostate outlined in gold. Corner cube reflectors (echogenic
bands), indicated by dotted arrows, are etched into the laser catheter 5 mm from the diffuser
(white). Temperature probe is inserted to the same depth as the laser fiber, then locked into
place and remains parallel to the laser 8 mm apart, out of the US plane of view. Eight thermal
sensors, which are within the probe 4 mm apart, provide temperature recordings at points from
the base of the echogenic bands to the tip of the laser catheter. Temperature measurements
closest to the rectal wall are provided by thermal measurements at the base of the temperature
probe (positions 6-8).

Figure 3: Temperature recordings during focal laser ablation for two successive ablations. Y-
axis = temperature in Celsius. X-axis = time in minutes. Vertical shaded bars = periods of laser
activation. Blue line = temperature 8mm from tip of laser fiber (distal thermocouple). White line
= temperature 8 mm from proximal thermocouple nearest the rectal wall. A temperature of 60
degrees Celsius, achieved even briefly, assures coagulation necrosis.

Figure 4: Images demonstrating concordance of ablation zone on post-treatment MRI (A) with
actual necrotic zone on whole-mount specimen (B). Patient is 67-year-old male with PCa in right
transition zone, Gleason score 3 + 4 =7, participating in a ‘treat and resect’ trial. A. Post-ablation
axial T1-weighted contrast-enhanced image, showing perfusion defect caused by laser treatment
(green). B. Whole-mount H&E stain of the prostate. The necrotic tissue is delineated in green,
the peri-necrotic tissue in yellow, and intact tumor (untreated) in blue. Reproduced under a
Creative Commons license from Bomers et al, World Journal of Urology.*®

Discussion:

The purpose of the present work is to describe and illustrate a method for performing focal laser
ablation (FLA) of prostate cancer (PCa). The method differs from other focal therapy methods, as
it is intended to be performed under local anesthesia in a clinic setting. The FLA method shown
here was introduced in 2017,%° and has been continuously refined since that time. Thus, the
procedure described in this paper may be of value to future investigators.

Laser treatment of prostate tissue appears to date from the research of McNicholas and
colleagues, working at University College London, who demonstrated in 1993 that focal
coagulation necrosis could be produced in canine prostates with a Nd:YAG device.3?
Foreshadowing the future, these authors postulated that the technique “..may prove of
value...for the destruction of small focal prostatic tumors.” Subsequently, laser ablation of PCa in
man was described in 2009 by Lindner et al from the University of Toronto.?® In that pioneering
effort, Lindner combined the emerging modality of prostate MRI with early image-fusion
software and conventional thermal probes to successfully target cancer and monitor laser
ablation in 12 men.

Since most important PCa can be visualized with contemporary multi-parametric MRI, in-bore
targeting and treatment of visible lesions might be a straightforward extension of the diagnostic
procedure. In-bore targeting of the lesion is direct, and MR thermometry allows remote
monitoring of ablation. Raz et al reported two such treatments in 2010.33 A series of in-bore FLA
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treatments (N=9) was reported by Oto and colleagues in 2013.> Adoption of in-bore FLA has been
facilitated by hardware developed for that purpose, as reported by Natarajan et al in 2016.1° A
number of radiologists, using a water-cooled laser fiber to prevent charring have adopted the in-
bore method; and hundreds of in-bore FLA treatments have now been reported (Walser, Feller,
Sperling/Lepor).% 16,3435

While short term oncologic outcomes of in-bore FLA may be favorable (Table 1), the procedure
is not likely to become widely adopted, because of limiting factors described in the introduction.
Moreover, MR thermometry for treatment monitoring exhibits a number of important
limitations.'® Building on a decade-long experience with MRI/US fusion biopsy procedures
(N~4000), we theorized that a laser fiber could be targeted into a cancer lesion, similarly to
inserting a biopsy needle, and that monitoring of treatment could be accomplished directly with
thermal probes. Thus, following the in-bore experience, ten patients underwent out-of-bore FLA
in the UCLA urology clinic, using only local anesthesia, MRI/US fusion guidance, and thermal-
probe monitoring.2° Not only was safety and feasibility of the new method demonstrated, but
among the latter patients treated, no evidence of PCa could be found at subsequent biopsy.

The tissue effect of FLA has been clarified in two studies, where planned radical prostatectomy
was performed 1-3 weeks after the laser procedure (N=9), i.e., a ‘treat-and-resect’ model (Figure
4).1> 27 |n all 9 patients, the volume of necrotic tissue found in the prostate approximated the
volume estimated by the MRI obtained after completion of treatment. When the whole prostates
were sectioned, an abrupt transition was seen between necrosis and intact cells 1-5 mm outside
of the area of laser ablation (Figure 1). The crisp margins and precision of the ablation zones have
important implications for the accuracy of MRI/US registration and treatment planning.

A major part of the Avenda system is the treatment planning software. For effective FLA, the
planning needs to include not only the location of the lesion, but also the volume of tissue
necessary for complete tumor destruction. The ablation volume cannot simply be the MRI-lesion
volume, because the actual tumor volume exceeds that of the MRI-visible lesion by an average
of 3-fold.?! Moreover, cancer often extends in irregular finger-like projections, which would make
unreliable any uniform safety margin based solely on imaging (e.g., 1 cm beyond boundary of
MRI-visible lesion). The Avenda system includes treatment planning software that utilizes not
only the MRI-visible lesion, but also 3D tracking of biopsy sites (positive and negative) to provide
accurate placement of the minimal ablation volume that will fully encompass the cancer. An
example of such treatment planning is seen in Figure 3.

In conclusion, FLA is a safe, feasible method for eradicating prostate cancer in a clinic setting
under local anesthesia. Steps of the procedure are shown in the accompanying video. Accurate
placement of the laser fiber into an MRI-visible lesion is accomplished using MRI/US fusion, much
as biopsy needles are place into such lesions. Realtime treatment monitoring is accomplished via
a thermal probe adjacent to the laser fiber. Treatment planning software, which employs lesion
volumes from MRI and tracked biopsy site locations to help the operator determine treatment
margins, is an important part of the system. In-clinic FLA as described and illustrated in this article
appears to provide an attractive focal therapy option not previously available.
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Reference Median Age Laser RxTime Planned In-Bore Temperature Baseline Gleason
Number Author Year N (Range) Power (sec) Margin | Procedure Monitoring 3+3 344 443 4+4
26 Lindner 2009 12 |56.5(51-52) - 120 - No Temperature probe 12 0 0 O
27 Lindner 2010 4 | 66(61-73) - 120 - No Temperature probe 2 0 1 1
5 Oto 2013 9 | 61(52-77) | 6-15W - - Yes MRI Thermometry 8 1 0 O
12 Lee 2014 23 - 8w 30-60 - Yes MRI Thermometry - - - -
6 Lepor 2015 25| 66 (49-84) - - - Yes MRI Thermometry 11 13 1 ©°
18 Al Bargawi 2015 7 61 (56-69) - 90 - Yes MRI Thermometry 7 0 0 O
15 Bomers 2016 5 | 66(58-70) - - 9 mm Yes MRI Thermometry 2 2 1 0
14 Eggener 2016 27 62 (-) 6-15W 60-120 0-7.5mm Yes MRI Thermometry 23 3 1 O
19 Natarajan 2016 8 | 63(54-72) |11-14W 180  Custom* Yes Temperature probe # 1 7 0 O
20 Natarajan 2017 10| 65(52-74) | 13.75W 180  Custom* No Temperature probe 2 8 0 O
35 Chao 2018 34| 69 (52-88) - - - Yes MRI Thermometry 16 16 2 0
17 Al Hakeem 2019 49| 63(51-73) [10-15W 120 9 mm Yes MRI Thermometry 13 29 7 O
16 Walser 2019 120| 60(45-86) |17-18 W 180-240 5 mm Yes MRI Thermometry 37 56 27 O
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Reference Follow Up Biopsy| Follow up | <6 Months 12 Months 24 Months | Adverse Events

Number First Author Method Biopsy [Success Failure|Success Failure|Success Failure| | Il 11}
26 Lindner MRI Guided Bx 12 12 0 - - - - 2 0 0
27 Lindner Prostatectomy 4 2 2 - - - - - - -
5 Oto MRI/US Bx 9 9 0 - - - - 1 1 0
12 Lee MRI/US Bx 13 - - 12 1 - - - - -
6 Lepor MRI Guided Bx 21 20 1 - - - - 0 0 0
18 Al Bargawi [Systematic Bx 5 - - 5 0o - - - 1 0
15 Bomers Prostatectomy 5 1 4 - - - - - - -
14 Eggener MRI Guided Bx # 27 27 - 7 3 - - 7 2 0
19 Natarajan MRI/US Bx 8 6 53 - - - - 23 7 0
20 Natarajan MRI/US Bx 10 6 4 - - - - 38 6 0
35 Chao MRI/US Bx 22 - - - - 13 9 - - -
17 Al Hakeem [MRI/US Bx 49 - - 40 9, - - 34 11
16 Walser MRI Guided Bx 44* - - - - 26 18 8 8 1
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January 28, 2021

Nam Nguyen, Ph.D.
Manager of Review
Jove

Dear Dr. Nguyen:

You will find our updated manuscript and video with tracked changes. Care was made to
adopt all of the noted critiques in the video and manuscript.

Changes to be made by the Author(s) regarding the video:
1. Please remove the commercial references in the video narration: Orion at 3:53, 4:02

e The audio has been edited to remove these references.

2. Please include an ethics card before the protocol. Additionally, please insert chapter title
cards (Introduction, Protocol, Representative Results, Conclusion).

e The ethics card and chapter titles have been inserted where appropriate within the
video.

4. Composition
2:31 - 2:31 There's a jump cut in here. I suggest cropping in to make it more of a close up shot
to make the cut feel more smooth.
e Done
3:13 The shot of the speaker saying "next" can be removed.

e Done

5.Pacing
00:52 - 00:52. The transition is slightly better, but please fade in the figure instead of cutting in.

e Done

UCLA Urology ... healing humankind, one patient at a time
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6. Details: There are some details in the video narration that should be included in the written
manuscript. (9:35 - stop conditions for the ablation, etc.).

The following sentence has been added: “NOTE: Consider stopping the ablation early if
temperatues plateau above 55 °C for greater than 60 seconds.”
Thank you for your consideration.

Sincerely,

s

Wayne Brisbane, MD
Instructor in Urology
Society of Urologic Oncology Fellow
University of California, Los Angeles
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ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

D Standard Access

Item 2: Please select one of the following items:

QOpen Access

QThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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