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Abstract

Background: Image-guided ablation is used to treat patients with unresectable malignant
hepatic tumors that are limited in number and size, especially hepatocellular carcinoma (HCC)
and colorectal hepatic metastases. While radiofrequency ablation (RFA) has been the most
popular technique, several alternate options for focal tissue destruction have recently at-
tracted attention. These technologies appear to be able to overcome some specific limita-
tions of RFA. Currently, there is no accepted algorithm for the use of the different techniques
for image-guided ablation. Summary: A panel of physicians practicing in North America or
Europe met to develop a set of recommendations aimed at providing directions for clinical
validation of energy-based, thermal and non-thermal image-guided ablation technologies
in the treatment of malignant liver tumors. The recommendations were developed through
a critical appraisal of potential advantages and disadvantages of each ablation technology,
based on experimental findings and available data, as well as on critical considerations for
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their clinical validation in hepatic tumor treatment from a Western perspective. Key Messag-
es: Significant variability appears to exist among the different equipment and devices within
each type of technology. A comprehensive understanding of the data and a critical appraisal
of the efficacy and safety profile of each ablation system is required. Clinical practice guide-
lines should include specific information of the recommended techniques and protocols in-
stead of a generic indication of the technology. Copyright © 2015 S. Karger AG, Basel

Introduction

In recent years, the use of image-guided ablation to treat primary and secondary liver
tumors has increased worldwide. Hepatocellular carcinoma (HCC) is currently the second
leading cause of cancer-related death and its future incidence and mortality rates are pro-
jected to further increase over the forthcoming decades [1]. The development of hepatic
metastases is the main cause of death in patients with colorectal carcinoma, a malignancy
affecting more than 1.3 million people worldwide annually [1]. Unfortunately, despite the
progress of modern surgical techniques, resection of primary and secondary liver tumors
is only possible in a minority of patients because of the associated extrahepatic disease, ex-
tent and location of the lesions in the liver, impaired liver function, or concurrent medical
conditions [2, 3]. Image-guided ablation is currently used to treat nonsurgical patients with
early-stage HCC or liver-only or liver-dominant metastatic disease that is limited in number
and size [4, 5].

Position statements and quality improvement guidelines on image-guided ablation of
liver tumors focused on the use of monopolar radiofrequency ablation (RFA), since this tech-
nology is supported by a large amount of data and robust clinical evidence [6, 7]. However,
several alternate options for focal tissue destruction have recently attracted attention, since
they appear to be able to overcome some specific limitations of RFA [8-10]. These novel
energy-based ablation technologies destroy a tumor either through thermal (hot or cold) or
non-thermal mechanisms.

Currently, there is no accepted algorithm for the use of the different ablative techniques
in the treatment of liver tumors. Further studies are needed to establish whether novel tech-
nologies will expand the clinical role of image-guided ablation and improve long-term pa-
tient outcomes with respect to RFA. With this in mind, a panel of expert physicians met to
develop a set of recommendations aimed at providing directions for the clinical validation
of energy-based, thermal and non-thermal image-guided ablation technologies in the treat-
ment of malignant liver tumors.

The Panel

The group of physicians, all having considerable experience in the field, included four
interventional radiologists and one surgical oncologist, practicing in North America (n=3)
or Europe (n=2). The recommendations were collaboratively generated during a person-to-
person meeting.
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General Considerations

The panel underscores that accurate patient selection is key to the success of image-guid-
ed ablation treatment with any technology and in any tumor histology. Indications and con-
traindications to image-guided ablation should follow available clinical practice guidelines.
Eligibility for image-guided ablation treatment should ultimately be established in each in-
dividual patient by a multidisciplinary team based on comprehensive clinical, imaging, and
laboratory assessment.

Choice of Approach

Image-guided ablation can be performed with a percutaneous, laparoscopic, or an open
surgical approach, although clear advantages of one over the other may apply in specific clini-
cal circumstances. The choice of the most appropriate approach in each individual patient
should be at the physician’s discretion, since it depends on the combination of several factors,
including, but not limited to, the general patient condition, treatment plan, tumor histology,
and number, size, and location of the target lesions.

Imaging Guidance and Monitoring

Tumor ablation can be guided by ultrasound, computed tomography (CT), or magnetic
resonance imaging (MRI). The choice of the imaging guidance should be at the physician’s
discretion, since it depends on the combination of several factors, including, but not limited
to tumor visibility, operator preference, and local availability of dedicated equipment, such
as CT fluoroscopy or open MRI systems. Preprocedural assessment scans should be less than
two weeks old. Detailed confirmatory imaging at the time of treatment will facilitate complete
ablation. Checking ablation results at the time of treatment by the use of contrast enhanced
studies, will increase the chances of complete ablation with adequate margins in all dimen-
sions.

Ablation Strategy

The ablation of appropriate margins beyond the visible borders of the tumor is necessary
to achieve therapeutic results similar to those achieved with surgery. Ideally, a 360-degree, 0.5
to 1.0 cm-thick ablative margin should be produced all around the target tumor. This cuff is
aimed at ensuring that the peripheral portion of the lesion as well as any microscopic invasion
located in its close proximity have been eradicated [6, 7].

It has been shown that obtaining ablative margins thicker than 1 cm is even better to
further reduce the likelihood of local tumor progression in colorectal liver metastases [11].
Margins may be particularly important where tumor definition is poor.

The following considerations deserve attention when planning the ablation strategy:

1. Ablation protocols are usually based on the ablation size charts provided by the manufac-
turer. However, the actual ablation zone may vary in the clinical setting, depending upon the
tissue vascularization, the tissue conductivity, local interactions, and the settings of the sys-
tem among other factors.

2. Tumors are generally assumed to be spherical. If the difference between the longest axis
and the shortest axis of a tumor is 1 cm or greater, appropriate changes to the ablation strat-
egy may be warranted in view of the ellipsoidal shape of the target.

3. Changes in the actual position of the electrodes with respect to the planned position can
potentially lead to incomplete ablation or thermal injury of structures located in the vicinity
of the target tumor; appropriate changes to the ablation protocol may be warranted based on
the actual position of the electrodes.

4. Imaging aspects that are particularly important when planning the ablation strategy in-
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clude the tumor size and the shape and location within the organ relative to the blood ves-
sels as well as to critical structures that might be at risk for injury; an individualized ablation
protocol may be required depending on the location of the tumor and its relationship with
blood vessels as well as to critical structures that might be at risk for injury.

Energy-Based Ablation Technologies

The term “tumor ablation” is defined as the direct application of chemical (i.e., non-
energy) or energy-based (i.e., thermal and non-thermal) therapies to eradicate or substan-
tially destroy focal tumors [12]. The present document is focused on energy-based ablation
technologies. The authors acknowledge that chemical ablation by using percutaneous injec-
tion of absolute ethanol is an established technique for the treatment of small HCC lesions.
However, the superiority of RFA over ethanol ablation in the treatment of early-stage HCC
has already been shown by randomized controlled trials and meta-analyses [2, 4]. Energy-
based ablation includes technologies that destroy a tumor either through thermal (hot or
cold) or non-thermal mechanisms.

RFA

RFA has been the most widely assessed technology for local ablation of liver tumors
[6, 7]. The available RFA systems function in the 375-500 KHz range [12]. Most devices cur-
rently used are monopolar, in that there is a single active electrode, with current dissipated
at one or more return grounding pads. Bipolar devices have two active electrode applicators,
usually placed in close proximity to achieve contiguous coagulation between the them, or
on a single electrode. The ability of RFA to achieve complete tumor eradication appears to
be dependent on the tumor size and location. Histological studies have shown that a tumor
diameter greater than 3 cm and a perivascular location (defined as tumor adjacent to vessels
of 3 mm or more in caliber) result in a substantial drop in the rate of complete tumor ab-
lation [4]. Combined approaches including transarterial chemoembolization and RFA have
been used to increase the efficacy of RFA in the treatment of HCC tumors of intermediate or
large size [13].

Microwave Ablation (MWA)

MWA is a promising heat-based thermal ablation modality that has particular appli-
cability in treating hepatic malignancies. Microwaves can generate very high temperatures
in a very short time, potentially leading to improved treatment efficiency and larger abla-
tion zones, with less susceptibility to heat-sink effects [8]. Currently available MWA systems
function at 915 MHz or 2.45 GHz frequencies [12]. These wavelengths have specific physical
properties with regard to tissue permeability and antenna design. Multiple microwave an-
tennas can be powered simultaneously to take advantage of thermal synergy when placed
in close proximity to treat a large tumor or widely spaced to ablate several tumors simulta-
neously. As the available technology continues to improve, MWA is emerging as a valuable
alternative to RFA in the treatment of hepatic malignancies [14, 15].

Cryoablation

This term should be exclusively used for all methods of destroying tissue by the appli-
cation of low temperature freezing, or alternating freezing and thawing [12]. Rapid tissue
freezing and thawing produces the greatest cytotoxic effects by disrupting cellular mem-
branes and inducing cell death [12]. Advantages of cryoablation include the ability to moni-
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tor the ice-ball formation during the procedure on imaging and the absence of pain when de-
livering the treatment [8]. Potential disadvantages include a severe post-treatment systemic
inflammatory response syndrome termed cryoshock (typically seen with large-volume liver
cryoablation) and the lack of cautery effects and coagulation of injured vessels, which can
predispose to bleeding complications [8]. The technique has had relatively limited application
in the treatment liver malignancies so far, and efficacy and safety profiles are currently being
investigated [16].

Irreversible Electroporation (IRE)

The term IRE should be used for those technologies and devices that cause cell death
through the repeated application of short duration high voltage electrical pulses that create
irreversible injuries to cellular membranes [12]. While there may be some hyperthermic abla-
tive changes with higher power applications, the mechanism of cell death with IRE is thought
to be predominantly non-thermal [12]. Hence, issues associated with perfusion-mediated tis-
sue cooling are not relevant for this technology. IRE is administered under general anesthesia
with administration of a neuromuscular blocking agent to prevent undesirable muscle con-
traction and by using cardiac gating to synchronize pulse delivery with absolute refractory
period to prevent cardiac arrhythmias. Initial clinical experiences have suggested that IRE
preserves the structural integrity of bile ducts and vessels and can enable safe treatment of
hepatic tumors located in the proximity to vital structures [17-19].

Other Technologies

Other energy-based ablation technologies include laser ablation and high intensity fo-
cused ultrasound. These technologies have been adopted by few centers worldwide for the
treatment of malignant liver tumors. Hence, limited data are available concerning their ef-
ficacy and safety profiles, and further clinical investigation is warranted.

Recommendations for Clinical Validation

The recommendations for clinical validation of energy-based, thermal and non-thermal
image-guided ablation technologies in the treatment of malignant liver tumors were devel-
oped through a critical appraisal of the potential advantages and disadvantages of each ther-
mal and non-thermal ablation technology, based on experimental findings and available data
(table 1).

Critical considerations for clinical validation of ablation technologies in hepatic tumor
treatment include:
¢ Monopolar RFA is an established technique for the treatment of tumors that are limited in
number (3 or less) and size (3 cm or less) and are located 1 cm or more from critical struc-
tures and vessels. Vessels 3 mm or more in caliber are considered relevant for heat-sink effect.
« MWA appears to have the potential to improve the rate of complete ablation achieved with
RFA in tumors that are larger than 3 cm or when multiple; device-specific safety and efficacy
data including predictability and reproducibility are warranted.

« MWA seems to have the potential to overcome the limitations of RFA in the treatment of
tumors in perivascular locations; device-specific safety and efficacy analyses are warranted

¢ IRE shows promise for the treatment of small tumors located in the vicinity of critical struc-
tures; device-specific safety and efficacy data are warranted

¢ More data is needed to define the potential of other energy-based ablation technologies in
the specific field of liver tumor treatment
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hepatic tumor treatment

Main potential advantages and disadvantages of each energy-based ablative technology in

Technology  Potential Advantages Potential Disadvantages
RFA » High rates of local control in tumors 3 cm  High rates of incomplete ablation in
or smaller tumors larger than 3 cm
¢ Established safety profile ¢ Heat sink effect in perivascular tumors
¢ Known limitations ¢ Potential risk of thermal injury to criti-
e Experience in combination treatments cal structures
(HCC) e Variability in RFA devices
e Widely available
MWA » Potential to treat tumors larger than 3 cm ¢ Limited efficacy data (predictability
more effectively and reproducibility)
¢ Less impacted by heat sink effect e Limited safety data
« Ability to activate multiple probes at the e Potential risk of thermal injury to criti-
same time cal structures (and vessels?)
¢ No grounding pads required e Variability in MWA devices
CRYO ¢ Ability to activate multiple probes at the e Insufficient clinical data
same time e Risk of bleeding
e Ability to image the ice-ball formation e Risk of cryoshock
IRE ¢ Potential to treat tumors located in the e Insufficient clinical data

vicinity of critical structures
e Heat sink effect not relevant

¢ Neuromuscular blockage and cardiac
gating required

[tis important to note that recommendations and directions refer to the general charac-
teristics of each technology; however, significant variability appears to exist among the dif-
ferent equipment and devices. Therefore, detailed information should be provided concern-
ing technique parameters to enable a comprehensive understanding of the data and a critical
appraisal of the efficacy and safety profile of each ablation system. Ultimately, as opposed to
a generic indication of the technology, specific information of the recommended techniques
and protocols should be implemented in clinical practice guidelines, similar to pharmaceuti-
cal treatment regimens.
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