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25  SHORT ABSTRACT:
26  Here, we present an ablate-and-resect prospective study to evaluate the feasibility, safety, and
27  accuracy of intraoperative high-intensity focused ultrasound ablation in patients undergoing
28  hepatectomy for liver metastases.
29
30 LONG ABSTRACT:
31 Today, the only potentially curative option in patients with colorectal liver metastases is surgery.
32  However, liver resection is feasible in less than 20% of patients. Surgery has been widely used in
33  association with radiofrequency, cryotherapy, or microwaves to expand the number of
34  treatments performed with a curative intent. Nevertheless, several limitations have been
35 documented when using these techniques (i.e., a traumatic puncture of the parenchyma, a
36 limited size of lesions, and an inability to monitor the treatment in real-time). High-intensity
37  focused ultrasound (HIFU) technology can achieve precise ablations of biological tissues without
38 incisions or radiation. Current HIFU devices are based on an extracorporeal approach with limited
39  access to the liver. We have developed a HIFU device designed for intraoperative use. The use of
40 a toroidal transducer enables an ablation rate (10 cm3.min™) higher than any other treatment
41  andis independent of perfusion.
42
43  The feasibility, safety, and accuracy of intraoperative HIFU ablation were evaluated during an
44  ablate-and-resect prospective study. This clinical phase | and lla study was performed in patients
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undergoing hepatectomy for liver metastases. The HIFU treatment was performed on healthy
tissue scheduled for resection. Liver metastases measuring less than 20 mm will be targeted
during phase llb (currently ongoing). This set-up allows the real-time evaluation of HIFU ablation
while protecting participating patients from any adverse effects related to this new technique.

Fifteen patients were included in phase | - Ila and 30 HIFU ablations were safely created within
40 s and with a precision of 1 - 2 mm. The average dimensions of the HIFU ablations were 27.5 x
21.0 mm?, corresponding to a volume of approximately 7.5 cm3. The aim of the ongoing phase
IIb is to ablate metastases of less than 20 mm in diameter with a 5-mm margin.

INTRODUCTION:

Colorectal liver metastases (CLMs) represent a major public health issue. When resection and/or
ablation of CLM can be achieved, a cure is possible, and five-year survival rates of up to 51% have
been reported?!. Despite progress in surgery (complex surgical techniques)? and downsizing
obtained with chemotherapy?, only a minority of patients are eligible for surgery (less than 20%).
When metastases are confined to the liver, surgery is precluded by the size and/or location of
metastases, their number, or because the necessary resection will leave an insufficient volume
of functional liver®.

Radiofrequency ablation (RFA) and microwave ablation (MWA) have been widely used in
association with surgery to increase the number of patients treated with a curative intent.
However, these techniques require the intraparenchymal introduction of a probe. Moreover,
these techniques are inadequate due to the heat-sink effect of blood flow, and real-time
monitoring is not possible with these techniques.

Medical ultrasound is mainly known as a diagnostic imaging technique. However, ultrasound can
be used as a modality to deliberately cause tissue damage. The energy of the HIFU beam is several
orders of magnitude greater than those of a standard diagnostic ultrasound beam. The high
energy levels carried in a HIFU beam are magnified further by focusing the beam deep in tissues
with precision to a small volume while sparing surrounding tissues. The tissue temperature at the
focal point quickly rises to 70 - 90 °C, resulting in an irreversible destruction by coagulative
necrosis®. HIFU has been proven effective in a wide range of clinical applications, especially
prostate cancer®’. Current medical devices using HIFU are based on an extracorporeal approach,
and the single ablation achieved is small and ellipsoidal. The dimensions of every single lesion
vary according to the transducer characteristics but are typically 1 - 3 mm (transverse) and 8 - 15
mm (along the beam axis)®. To treat tumors, hundreds of lesions must be placed systematically
side by side to ablate the target tumor and some of the surrounding normal tissue margin. The
placement of small lesions side by side requires precision that is difficult to ensure in moving
organs and results in long-lasting treatments (in the order of 1 - 2 hours). Whereas numerous
publications have reported about MWA and RFA for the treatment of CLM®3, few studies have
been published about HIFU for CLM#%>, HIFU treatment presents several potential advantages
when compared to MWA or RFA as follows: there is no need to puncture the parenchyma, the
treatment is independent of perfusion®, and real-time monitoring is possible. Extracorporeal
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treatment of the liver is difficult because the focusing effect is altered by the respiratory motion
of the liver and the presence of the ribcage, which may stop the propagation of ultrasound waves.

As focal destruction is often associated with open liver surgery in the management of patients
with CLM, we aimed to design a new and powerful HIFU. Such a device would be able to perform
large ablations in a short amount of time. Thus, we developed a new technology based on
toroidal transducers® with encouraging results in preliminary in vitro and preclinical work?!’-%,
We previously demonstrated in a porcine model that this HIFU device can create reproducible
ablations in 40 s?°. The average volume of these ablations was 7 cm?3, corresponding to an average
diameter of 20 mm and an average long axis of 25 mm. These ablations were created by activating
each emitter with the same phase and by applying an acoustic power of 70 W (free-field acoustic
power) for 40 s'8. To confirm these results, this HIFU device was used in a controlled trial in
patients undergoing hepatectomy for CLM. The objective of the study was to assess the safety
and the feasibility of the procedure. Data regarding the efficacy and the accuracy of the
procedure were also collected. This HIFU device was not developed to replace the resection part
of surgery. The long-term objective is to provide a complementary tool to surgeons in order to
expand the number of patients treated with a curative intent by treating otherwise unresectable
patients, using HIFU.

The study participants could not expect any personal benefit from their participation, and the
priority was to avoid any loss of chance, which is why an ablate-and-resect study was designed.
The surgical procedure had to be identical to the one patients would have undergone if not
included in the study. For this first use of the HIFU device in humans, ablations were created on
the part of the liver scheduled for resection, in order to protect participating patients from any
adverse effects related to the use of this new device.

Study Design:

The protocol was a prospective, single-center phase I/Il study designed to assess specific
objectives in three different phases (I, lla, and llb). In phases | and lla, the HIFU treatment was
performed in parts of the liver planned for resection but at a distance from metastases. Liver
metastases were targeted during phase llb. Data of phase llb are not presented as this part of
the protocol is still ongoing.

The primary objectives of phase | were to evaluate the safety, feasibility, and tolerability of HIFU
ablation for patients with CLM. The safety and feasibility were assessed by the ability to use the
HIFU device in aseptic conditions. The ability to perform two HIFU ablations without injuring
organs adjacent to the liver was also assessed. In all patients, one HIFU lesion was superficial and
one was created with the focal zone placed at least 1 cm deeper. Vital signs were monitored
during and for 5 minutes after the HIFU ablations in order to assess the tolerability of the
procedure.

Secondary objectives were to determine the reliability of the ultrasound images and the ease of
use of the device. The reliability of the ultrasound images was assessed by using the imaging
probe integrated with the HIFU device to visualize and target the region to be treated. Ease of
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use was assessed by the ability to place the HIFU device such that ablations could be performed
in at least 80% of the whole liver. The entire HIFU procedure has to be performed in less than 30
minutes.

This two-step phase was designed following Lee’s sequential criteria?!, allowing an early
termination of enrollment in the case of an unacceptable global failure rate. The definition of
failure was a period longer than 30 minutes to perform the HIFU procedure, the inability to place
the focal zone at least 1 cm from Glisson’s capsule, asepsis failure when using the device, HIFU
lesions in adjacent organs, changes in vital signs superior to 10% from the baseline. The
enrollment was considered to be closed if a failure was observed in at least 2/2 patients (first
step) and 3/6 patients (second step).

In phase lla, a major anatomical structure was mimicked by a metallic marker with a diameter of
5 mm, implanted in the liver parenchyma. The primary objective of phase lla was to assess the
accuracy of the HIFU device. In step 1, the ability to target the metallic marker with safety margins
was assessed. In step 2, the ability to ablate the liver at a predetermined distance from the
metallic marker was assessed. The ideal distance between the metallic marker and the closest
ablation boundary was fixed at 7.5 mm, with a tolerated range of 1 - 15 mm. The secondary
objective was to assess the safety of the procedure by creating HIFU lesions in the liver without
injury to adjacent organs. The feasibility to image HIFU ablations using the integrated ultrasound
imaging probe was a common secondary endpoint with phase |. Three to six patients were
included in both steps of phase lla. Binomial probabilities in 3 and 6 patients were used. If a
failure occurred in at least 54% and 32% of the patients, respectively, there was a 90% probability
of observing that failure.

PROTOCOL:

The protocol was reviewed and validated by a national ethics committee according to French and
European directives, with written consent from the patients.

1. Inclusion

1.1 Include patients with resectable CLM and a good clinical condition (Eastern Cooperative
Oncology Group ECOG/World Health Organization WHO performance status 0-1) who are at least

18 years old. Obtain written consent from the patients.

1.2 Exclude patients with previous liver, biliary, or major abdominal surgery, pregnancy, or an
inability to be followed for the duration of the study.

2. HIFU Treatment

2.1 Perform the anesthesia of the patient with an induction composed of propofol (2 to 3 mg/kg),
sufentanil (0.2 to 0.3 pg/kg), cisatracurium (0.15 mg/kg) and ketamine (0.15 mg/kg).

2.2 Maintain anesthesia with sevoflurane to target a bispectral index between 40 and 60.
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2.3 Perform tracheal intubation, with the lungs mechanically ventilated with inspired oxygen
fraction of 80%.

2.4 Prepare the HIFU device in the operating room by covering the sterilized HIFU probe with the
dedicated sterile envelope containing a sterile ultrasound coupling liquid (Figure 1).

Note: The HIFU probe was sterilized using a low-temperature gas plasma sterilizer.
2.5 Perform laparotomy using a monopolar knife after classic surgical asepsis.
2.6 Place the retractors under the rib cage and between the edges of the surgical incision.

2.7 Confirm liver resection by exploring the liver using intraoperative diagnostic ultrasound
images with a 7.5 MHz T-type transducer and palpation to confirm that no additional metastasis
compromising the resection was missed with preoperative imaging??.

2.8 Free the liver from its peritoneal and vascular attachments with scissors.

2.9 Place a protective abdominal gauze sponge (20 x 20 cm) with X-ray detectable threads under
the targeted area to inhibit ultrasound propagation and unintended HIFU damage to adjacent
organs.

2.10 Bring the HIFU probe in contact with the liver surface (Figure 2).

2.11 Move the HIFU probe on the surface of the liver until the position of the expected HIFU
ablation (represented by the white cone superimposed on the sonogram) is at the right location
according to the objectives of the different phases (Figure 3a).

2.12 Activate the HIFU exposure by activating each emitter with the same phase for 40 s. Apply
an acoustic power of 70 W (free-field acoustic power) for superficial ablations and 90 W (free-
field acoustic power) for in-depth lesions.

2.12.1 Ultrasound images were not synchronized with HIFU exposures and, therefore,
interferences were visible in sonograms during ablations. Observe that boiling is created in liver
tissues treated during HIFU single exposures. Note that a cloud of ebullition appears momentarily
for 1 min at the location of the lesion (Figure 3b).

Note: The single lesion appears on the sonogram as a hyperechoic zone at its center and a
hypoechoic zone at its boundaries (Figure 4a).

2.13 Mark the position of the HIFU probe, mainly the acoustic axis at the surface of the liver,
using a surgical marker, to know where to cut the liver for gross examination (Figure 2).
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2.14 Measure the dimensions of the HIFU ablations along two orthogonal planes after each HIFU
exposure, using the integrated ultrasound imaging probe.

2.15 Move the HIFU probe on the liver surface to confirm that all eight liver segments can be
covered, irrespective of their conformation in the individual patient.

3. Macroscopical and Histological Evaluation of HIFU Lesions

3.1 Perform the planned liver resection using a Kelly clamp to crush the liver parenchyma and a
scissor to cut the liver. Perform hemostasis with titanium clips and/or irrigating bipolar forceps.

3.2 Close the aponeurosis with monofilament, long-lasting absorbable N° 0 or N° 1 suture
material.

3.3 Close the skin with uncolored, short-term absorbable N° 3/0 suture material.

3.4 Give the patient oral acetaminophen (1 g every 6 h).

Note: Nausea and vomiting were treated with 4 mg of intravenous ondansetron. Oral fluids and
feeding were started on the day after surgery. Morphine was given to obtain a pain visual
analogic scale under 30/100.

3.5 Separate the HIFU ablations and areas of CLM with a scalpel.

3.6 Cut the ablations along the exposure axis with a scalpel.

3.7 Take pictures of the HIFU ablations.

3.8 Measure the dimensions of the ablated area macroscopically with a ruler and on a
photograph, using appropriate image analysis software.

3.9 Slice each ablation into 5-mm sections to assess macroscopic homogeneity.

3.10 Fix the ablated areas in 10% phosphate-buffered formalin (pH = 7), embed them in paraffin,
and stain them with hematoxylin and eosin.

3.11 Histologically examine the ablated and surrounding tissues.
4. Follow-up

4.1 Follow the patients for one month according to the institution’s guidelines for patients
resected for CLM.
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4.2 Summarize data regarding demographic characteristics, vital signs (baseline and 5 min after
HIFU), and safety observations and measurements regarding the HIFU lesions.

4.3 Use Spearman’s rank correlation coefficient to test the association between variables.

REPRESENTATIVE RESULTS:
Fifteen patients were included between March 2010 and November 2011. Six patients were
included in phase I. Six patients were included in step 1 of phase Ila. Three patients were included
in step 2 of phase lla. A right or extended right hepatectomy was performed in all patients. Phase
llb is currently ongoing, and results are not described. Complete results of phases | and lla have
been previously published®*.

Phase I:

In total, twelve HIFU ablations were successfully created in the six phase-I patients (Figure 5).
One superficial HIFU ablation and one deep HIFU ablation were created in each of the 6 patients.
Deep HIFU lesions were placed at a mean depth of 12 + 2 (10 - 20) mm corresponding to a focal
distance of 22 + 2 (20 - 40) mm (Figure 3a). The resulting mean distance between Glisson’s
capsule and the HIFU ablation was, on average, 7 £ 4 (2 - 13) mm. Asepsis was not comprised in
all patients during the preparation and utilization of the device. There was no lesion in
neighboring tissues after HIFU ablation. There were no any substantial changes in respiratory and
hemodynamic parameters. The duration of the HIFU procedure was, on average, 15+ 7 (9 - 27)
minutes. The ultrasound imaging probe integrated with the HIFU device allows visualizing, on
average, 88% (95% Cl: 67 to 100%) of the 15 predefined areas.

Phase lla:

For the first three patients of step 1, the metallic mark had not been included in the HIFU lesions
in one of six ablations. After reviewing the record of the procedure, it was established that a
Glissonian pedicle was confused with the metallic marker (Figure 6). As required by the study
design, three more patients were included, and all six additional HIFU lesions were correctly
created around all six metallic markers. Since the primary objective of step 1 was achieved, the
steering committee approved the continuation of the study.

The aim of step 2 was to achieve ablations distant from a metallic marker by 7.5 mm. Six ablations
with a distance of 7.0 + 2.3 (4.3 - 9.8) mm were achieved, demonstrating that it was possible to
preserve an area from damage. The procedure was safe, asepsis was not compromised, and there
was no lesion in the neighboring organs and no rupture of Glisson’s capsule.

Common Secondary Objectives of Phases | and lla:

All 30 HIFU ablations created in 15 patients were slightly cone-shaped. The average length of the
HIFU ablations was 27.5 + 6 mm. The average superior width of the HIFU ablations was 21 + 3.9
mm. In ultrasound images, the average length of HIFU ablations was 28.9 + 4.6 mm and the
average superior width was 23.9 + 3.8 mm. Figure 4b shows the rank correlation coefficient (r =
0.88; p < 0.001; 95% Cl, 0.82 to 0.91) between macroscopic measurements and measurements
performed using ultrasound images.
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Figure 7 shows the capability of the imaging system to visualize metastases. Figures 7a and 7c
show examples of two metastases imaged using the ultrasound imaging probe integrated with
the HIFU device. Figures 7b and 7d show the corresponding metastases observed on gross
pathology after surgery. The HIFU focal region was superimposed on the sonogram and displayed
in the user interface, making it possible to place the location of the ablation with precision (Figure
7a).

As illustrated in Figure 8, the delimitation between treated and untreated liver is very sharp
(about 200 um). There was a halo of congestive tissues around all HIFU ablations. The microscopic
examination confirmed homogeneous necrosis with all HIFU ablations. Since there were only 1
to 2 hours between HIFU ablation and hepatectomy, it was not possible to observe evidence of
apoptosis. However, pronounced alterations in hepatocytes were observed in all HIFU ablations.
The microscopic analysis confirmed homogeneous ablations with all cases, notably around
vessels (Figure 8).

FIGURE AND TABLE LEGENDS:

Figure 1: Preparation of the HIFU device. The HIFU device was prepared by covering the sterilized
HIFU probe with a sterile envelope containing an ultrasound coupling liquid. (a) This panel shows
the HIFU transducer covered with a sterile envelope. (b) This panel shows the tube for the cooling
circuit. (c) This panel shows the connector for the electrical power. (d) This panel shows the
connector for the ultrasound imaging probe.

Figure 2: Use of the HIFU probe. The HIFU probe was held by hand and brought into contact with
the liver surface. (a) This panel shows the HIFU probe. (b) The position of the HIFU probe at the
time of ablation was marked on the liver.

Figure 3: Targeting process. (a) The user interface displayed the position of the HIFU focal region
superimposed on the sonogram, making it possible to place the location of the ablation in the
tissues. (b) Immediately after the HIFU exposure, a cloud of ebullition appeared momentarily (for
approximately 1 minute) at the location of the lesion.

Figure 4: Monitoring. After boiling, the single lesion appeared on the sonogram as a hyperechoic
zone at its center and a hypoechoic zone at its boundaries.

Figure 5: Macroscopic visualization of two HIFU ablations. HIFU ablations were clearly visible by
gross pathology. (a) This panel shows a typical HIFU ablation. (b) This panel shows an example of
a HIFU lesion created during step 1 of phase lla. The aim was to target the metallic marker. The
shape and homogeneity of the ablation were not altered by the presence of hepatic veins.

Figure 6: Macroscopic visualization of a HIFU ablation created in phase lla. In one case, the
metallic marker had not been included in the HIFU. After reviewing the record of the procedure,
it was established that a Glissonian pedicle was confused with the metallic marker.
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Figures 7: Visualization of metastases using the integrated ultrasound imaging probe. Panels
(a) and (c) show examples of two metastases imaged using the ultrasound imaging probe
integrated with the HIFU device. Panels (b) and (d) show the corresponding metastases observed
by gross pathology after surgery. (a) The user interface displayed the position of the HIFU focal
region superimposed on the sonogram, making it possible to place the location of the ablation in
the tissues and to visualize if the metastasis will be treated with safety margins.

Figures 8: Histopathological examination after HIFU ablation. This panel shows a representative
liver examination using H&E staining. There was a sharp demarcation between treated and
untreated liver with pronounced alterations in hepatocytes. Here, the magnification is 200X.

DISCUSSION:

The aim of this study was to confirm the feasibility, safety, and efficacy of a new intraoperative
HIFU device. As this was its first use in humans, an ablate-and-resect study was designed in order
to verify the ability of the device to create complete ablation and accurate targeting without
compromising the chance of potentially curative therapy for patients. In total, 30 HIFU ablations
were safely created in 15 patients, each within 40 s. The average dimensions of the HIFU ablations
were 27.5 x 21.0 mm?. There was no secondary lesion in neighboring organs. Importantly, the
shape of the HIFU ablations was not altered by the major blood vessels (up to 5 mm in diameter).
This is of particular importance since it has been reported that blood flow plays a pivotal role in
thermal ablation by limiting the ablation size and altering ablation shape?. Another important
advantage of this intraoperative HIFU device when compared with ablations performed using
radiofrequency or microwaves is that there is no need to insert a probe in the liver parenchyma.

The choice of developing a HIFU device dedicated to intraoperative use was supported by
oncological necessities and technological challenges that remain unmet in HIFU technology.
Extracorporeal HIFU treatments have been proved to be clinically feasible. However, the liver
volume accessible to an extracorporeal HIFU treatment is about 30% unless a partial rib resection
is performed??. In addition, when using HIFU extracorporeally for treating liver tumors, skin burns
and gastric lesions can be created?>?®. The intraoperative approach was selected to avoid these
potentially important complications. More importantly, intraoperative ablations are widely
employed in the management of CLM, whether they are associated with surgery or not. Despite
improvements in imaging, new liver metastasis are found in approximately 15% of patients?2, and
new findings, such as peritoneal carcinomatosis, may preclude the need for liver-directed
therapy. For this first use in humans of the intraoperative HIFU device, ablations were created
close to metastases and only in areas planned for resection. This first step was regarded as
essential to demonstrate the accuracy and the safety of this new HIFU device before considering
its routine use to treat CLM.

The size of the HIFU probe (10 cm in diameter) does not limit its ease of use since it was possible
to place the probe as such that it allowed a targeting of approximately 90% of the entire liver.
This was possible even through a limited midline laparotomy. HIFU ablations were easily
identified by ultrasound imaging, allowing a reliable monitoring of the treatment, which is a
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major advantage over other ablative techniques. The slight difference between ablation
dimensions measured on ultrasound images and those measured on macroscopic examination
was due to the difficulty to cut fresh liver exactly along the imaging plane.

Although this study confirmed the theoretical advantages of HIFU for liver ablation (i.e., no need
for an intraparenchymal introduction of a probe and real-time monitoring, and independence
from the heat-sink effect), the efficacy of intraoperative HIFU should be demonstrated on liver
metastases. If the ability to target liver metastases is confirmed during phase Ilb, the next step
will be to design a multicenter prospective cohort of patients treated with curative-intent with
intraoperative HIFU.
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Curved array ultrasound imaging probe
working at a frequency of 7.5 MHz
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Ultrasound imaging scanner BK HAWK B-K Medical
Metallic marker BIP GmbH
Image J Image analysis software Wayne Rasband
Sterile envelope Clvco

Ultrasound coupling liquid EDAP-TMS

Catalog Number

N/A

6,5/R11,5/192
2102 EXL
O-twist-marker

CIV-Flex Transducer Cover
Liv-kit

*


http://www.editorialmanager.com/jove/download.aspx?id=871952&guid=68089f6a-45b3-43d0-bbf1-966a31357c42&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=871952&guid=68089f6a-45b3-43d0-bbf1-966a31357c42&scheme=1

Comments/Description

The transducer has a toroidal geometry and is divided into eight radial ultrasound emitters of 4.16 cm? each. The
working frequency of the transducer is 3 MHz. Each of the eight emitters is divided into 32 individual transducers

of equal surface (13 mmz). The radius of curvature of the transducer was 7 cm and the diameter was 7 cm. A
curved array ultrasound imaging probe working at a frequency of 7.5 MHz (Vermon, Tours, France) was placed in
the center of the device and connected to an ultrasound imaging scanner. The imaging transducer is composed
of 128 elements with a 63% bandwidth. The ultrasound imaging plane was aligned with the HIFU acoustic axis in
order to position the region to be treated and visualize the ablation with the same device. Due to the
geometrical characteristics of a torus, the ultrasound beams coming from each of the eight emitters intersect
beyond the principal focal ring and form a secondary focal zone, which contributes to reinforce the homogeneity
of the lesion at its center. The location of the focal zones could be changed by electronic focusing or by adjusting
the quantity of liquid between the device and the tissue.
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Title of Article: ‘ -

Author(s): l

ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: 1__

Iltem 2 (check one box):

_‘ Standard Access }K_ Open Access

| The Author is NOT a United States government employee.

|_ . The 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.

|._._‘ The Authar is a United States gavernment employee hut the Materials were NOT 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 an 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, 'n which
the Materials in their entirety in unmadified 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 corporaticn and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Authar and JoVE; “Video” means any video(s) made
by the Author, alene 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.
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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 cn the Article. In furtherance of
such goals, the Parties desire to memaorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In cansideration 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 stare 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 ahove. 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 heen checked in Item 1 above, loVE and the
Author hereby grant te the public all such rights in the Article
as provided In, but subject to all limitations and reguirements
set forth in, the CRC License.
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4, PRetention 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 an the
Institution’s website or the Authar’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” hox has been checked in ltem
1 above or if no box has been checked in ltem 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 heen 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, loVE 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 ar 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 rights permitted under such
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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. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, vaice, likeness,
picture, photograph, image, biography and perfermance 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 ar similar laws.

9. 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 ta 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 maodification of all or any
portion of the Materials does not and will nct viclate, 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.

10. JoVE Discretion. If the Authar 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 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 waork submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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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 sale 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.

11. Indemnification. The Autheor 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, perscnal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures ar guidelines, liahilities 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 the making of a video by JoVE its employees, agents or
independent contractars.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attarney’s fees and costs related to said losses or
damages. Such indemnification and halding harmless shall
include such losses ar damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the caost incurred for publication, JoVE
must receive payment before preduction and publication 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 2 US51,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received hy the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing law. This Agreement may be
assigned by JoVE and shall inure to the bhenefits of any of
JoVE's successors and assignees. This Agreement shall he
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.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

Name:

Department:

Institution:

Article Title:

Signature:

Please submit a signed and dated copy of this license by one of the fallowing three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Dear editor,

A revised version of our manuscript entitled “Development of an intra-operative high
intensity focused ultrasound device for treating liver metastases: a clinical phase I-11a study to
evaluate feasibility, safety and accuracy” is being submitted for consideration for publication
in JOVE.

We have revised the manuscript to address all of the feedback provided from the review and
we hope that it is now suitable for publication.

Thank you once again for taking the time to review this manuscript.

Sincerely,

David Melodelima, PhD
Research Director
LabTAU — Laboratory for Therapeutic Applications of Ultrasound

Unité de recherche U1032

Cyril LAFON, Directeur
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