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State of the ablation nation: a review
of ablative therapies for cure in the
treatment of hepatocellular carcinoma

Umer Salati’, Aisling Barry?, Frank Y Chou', Roy Ma? & David M Liu*'

Primary liver cancer, mainly hepatocellular carcinoma, is one of the most common
malignancies worldwide. Surgical management, either resection or transplantation,
is considered definitive treatment, however, less than 20% of patients are ultimately
candidates. Thermal ablation modalities such as radiofrequency ablation and microwave
ablation have evolved such that these modalities have been applied with curative intent.
Moreover, thermal ablation has demonstrated efficacy in treating early-stage tumors and
can be offered as first-line treatment in patients with uncomplicated disease. Attributing to
refinements in technology and techniques, recent studies evaluating stereotactic ablative
body radiotherapy have shown promising results, while irreversible electroporation, an
emerging modality, may further expand the role of ablative therapy in treating potentially
resectable hepatocellular carcinoma.
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Primary liver cancer, mainly hepatocellular carcinoma (HCC), is one of the most common malig-
nancies in the world, numbering over 700,000 new cases annually [1]. In men, HCC ranks fifth in
the number of new cases annually and second in annual cancer-related deaths [2]. HCC demonstrates
a high association with HBV and HCV, alcohol consumption, aflatoxin Bl and cirrhosis [3]. Liver
transplantation or local resection are considered first-line treatments in suitable patients, with the
choice of surgery traditionally based upon the Milan criteria [4,5] and liver function, as defined by
bilirubin levels and either hepatic venous pressure gradient or platelet count [5]. However, only a
small proportion of patients (5-10%) meet the criteria for resection and while transplantation is
essentially curative, a shortage of donors leading to significant delay (>6 months) to transplant, in
addition to cost, can result in limited access and impaired effectiveness [67]. Furthermore, patients
who undergo liver resection may continue to harbor the underlying inflammatory processes, thus
resulting in metachronous presentation of disease, creating a secondary population in need of
continued surveillance and therapy.

Radiofrequency ablation (RFA), a thermal ablative modality, has been the mainstay of treatment
offered to patients who are not suitable for resection or do not meet criteria for transplantation. The
relatively newer microwave ablation (MWA), another thermal technique has increased in popularity
and serves as an alternative to RFA, with a lesser supporting body of evidence and expanded indica-
tions (location and size) as compared with RFA. Recently, external beam radiotherapy, specifically
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stereotactic ablative body radiotherapy (SABR)
has gained an increasing role in the manage-
ment of unresectable disease supported largely
by (at the time of publication of this manuscript)
retrospective and Phase I/II studies that have
reported promising local control and survival
outcomes [8-11].

The intent of this article is to review the cur-
rent indications and literature for the evidence
in the use of RFA, comparing it with some of
the newer and less established ablation tech-
niques. In particular, comparative efficacy based
on tumor size will be discussed which, as will
become evident, is a critical factor in determin-
ing the effectiveness of ablation irrespective of
the modality employed. A brief discussion on
the technique, mechanisms of action and the
relative advantages and potential limitations of
each modality will also be incorporated into this
review.

Current treatment algorithms

A number of classification and staging systems
currently exist in the management of HCC; the
Barcelona Clinic Liver Cancer (BCLC; Figure 1)
classification is the most widely endorsed and is
used for both clinical management of patients
with HCC and also for trial design [12].

The BCLC criteria have been externally vali-
dated in European, American as well as Asian
patient cohorts [12,14-16] and endorsed by the
European Society for the Study of the Liver
(EASL) as well as the American Association
for the Study of Liver Diseases (AASLD) [17.18].
Within the criteria, ablation is offered to patients
with very early (single small tumors <2 cm)
or early disease (single or 3 tumors <3 cm) in
Childs-Pugh categories A and B, for patients
not suitable for resection or transplantation.
Although not incorporated in the criteria, abla-
tion is also commonly used as bridging therapy
in patients with early disease awaiting transplant.

While not entirely validated in a European
population of HCC patients [19], the Hong Kong
Liver Cancer (HKLC) staging system (Figure 2),
proposed by Yau ez al. 20] in 2014 has reportedly
demonstrated superiority when compared with
the BCLC system in predicting patient prognosis
as well as in identifying subsets of patients for
more aggressive treatments. In particular, abla-
tion is recommended for appropriate patients
with tumors up to 5 cm (in contradistinction to
BCLC). Multifocal tumors or intrahepatic vas-
cular invasion are not necessarily considered as
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contraindications to surgical management [20].
Given the different approaches to ablation,
determination of an optimal strategy requires a
more complex approach that considers not only
the size, but also geometry and location that may
be better suited to one modality over another.

Techniques & mechanisms of action

e Thermal ablation

Thermal ablation, as the name implies, relies on
generation of heat within target tissue to achieve
tissue destruction. This is governed by a complex
set of interactions, which determine the spatial
distribution of internal temperatures in target
tissue, as illustrated by the bio-heat equation,
first laid down by Pennes in the seminal 1948
Journal of Applied Physiology paper [21] and since

further refined to the following equation:

pcdT/ot=V - (kVT)+ q" m + opbcb (Ta-T)

p = mass density (kg/m3), ¢ = specific heat
(J/kg.K), k = thermal conductivity, T = tissue
temperature, ' """ m = metabolic heat source rate
(W/m3), Q = perfusion rate, volumetric flow
rate of blood per volume of tissue (s-1), Ta =
arterial blood temperature

While a full analysis of the bioheat equation
is beyond the scope of the discussion, what the
equation demonstrates is that final target tissue
temperatures depends on the density of the tis-
sue as well its thermal conductivity, with loss of
temperature due to tissue perfusion (commonly
termed the ‘heat-sink’ effect). The heat-sink
effect and rate of heat dissipation from the target
tissue has important practical ramifications, as
factors such as tumor size and proximity to ves-
sels limit thermal flux, which in turn may limit
the size and effectiveness of the RFA ablation
zone. MWA, a relatively newer ablative technol-
ogy, may offer some potential advantages over
RFA based on proximity of the target tumor to
major intrahepatic vessels and therefore reduc-
ing or eliminating the heat-sink effect. Further
details regarding the individual technologies will
be discussed below.

Radiofrequency ablation

RFA generates heat from ionic agitation of
electrons caused by alternating current in the
radiofrequency range of 200-1200 Mhz, trans-
mitted by placing a needle electrode into target
tissue either percutaneously or laparoscopically.
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Grounding pads placed on the patients’ thighs
or back form the complete electrical circuit and
provide a larger surface area for heat dissipation.
Thus, the electron flux density becomes higher at
the electrode (due to significantly smaller surface
area as compared with the grounding pad) and
as a result, ablative temperatures (target tissue
>60°C) can be obtained via the generation of
frictional heat from the oscillation of electrons.
Percutaneous approaches may be performed
under ultrasound (US) or computed tomogra-
phy (CT) guidance, either under heavy conscious
sedation or general anesthetic. The heat generated
leads to destruction of tissue (tumor) by coagula-
tive necrosis; a margin of 0.5-1 c¢m around the
tumor is usually included to ensure microsatel-
lite tcumor destruction. Due to the very nature of
RFA, only a few millimeters of tissue surrounding
the electrode undergoes active heating, with the
remainder of the ablation zone created through
thermal conduction [22.23]. Therefore, multiple
overlapping ablations (with a single electrode
or an array of electrodes) may be performed to
achieve larger and/or more complex geometries.

As eluded to previously important limitations
of RFA include its susceptibility to the heat-
sink effect, in other words, loss of heat due to
adjacent vessels such as portal or hepatic veins,
and the dependency on ionic flux that requires
hydrated tissues. RFA may also be limited by
impedance resulting from tissue destruction, in
other words, decreasing thermal conductivity,
which is an important component of tissue heat
generation [24].

Microwave ablation
The ultimate mechanism of action of tumor
destruction for MWA is the same as RFA,
namely thermally induced coagulative necrosis.
The heat, however, is generated by high fre-
quency (>900 MHz) electromagnetic energy,
via interaction with protons predominantly
(but not completely) residing within water mol-
ecules, causing them to rapidly flip their electri-
cal charge (hydrogen has a positive charge and
oxygen negative) 2—5 billion times a second,
which ultimately generates friction and heat [22].
MWA, like RFA, can be performed laparoscopi-
cally by hepatobiliary surgeons or percutane-
ously by interventional radiologists with US
or CT guidance and patients under conscious
sedation or general anesthetic.

Due to the inherent properties of electro-
magnetic radiation and the broader fields of
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power density, MWA is able to generate more
uniform and larger ablation zones, particularly
when adjacent to large vessels. Furthermore, it
is not susceptible to increasing impedance from
ablated tissue, and not completely dependent
on hydrated tissue, both of which are impor-
tant limitations for RFA. Lastly, as opposed to
RFA, multiple ablations can be performed simul-
taneously as the method of heat generation is by
electromagnetic energy.

¢ Stereotactic ablative body radiotherapy
SABR delivers high dose, highly focused exter-
nal beam radiotherapy over a short time period
(3-5 treatment days). It maximizes the potential
increased lethal DNA damage seen with larger
radiation doses and minimizes tumor prolif-
eration with the shortened treatment schedule.
Moreover, in comparison to other forms of exter-
nal beam radiotherapy, there is better normal
tissue sparing and greater patient convenience.

Radiation-induced liver disease has long been
the most concerning side effect associated with
liver radiation. It is described as classical (on the
background of normal liver — anicteric ascites
and hepatomegaly) and nonclassical (on the
background of a cirrhotic liver — rising serum
transaminases and jaundice) and may occur at
any time between 2 and 12 weeks post treatment
with the majority demonstrating a self-limiting
condition, likely due to hepatocyte recovery and
regeneration. A minority of patients, however,
may go on to develop worsening of their liver
function leading to fulminant liver failure.
Additional common side effects associated with
the use of liver SABR include fatigue, nausea,
vomiting, gastritis and liver pain.

During normal respiration, the liver may
move as much as 3 cm [25], in the superior/infe-
rior direction, with elastic compression deform-
ing the liver itself. As a result of this distortion,
excessive use of additional margins and dose
to adjacent normal tissue may occur. Typical
modalities used to limit liver motion include
breath hold, respiratory gating and tracking,
active breathing control, abdominal compres-
sion with 4-dimensional computed tomography
(4DCT) and free breathing with 4DCT.

In order to provide real-time navigation
to account for motion, three gold seed fidu-
cials are placed by interventional radiologists
around the tumor prior to simulation, to aid in
tumor localization. Patients are simulated with

a triphasic CT scan and with a 4DCT scan.
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Table 1. Results from case series of hepatocellular carcinoma patients treated with radiofrequency ablation.

3-year 5-year 10-year LTP (%)/LTP-free
(0} (0} (0} survival (mo.)
60 - - 11.5/23

80.5 60.2 27.3 2.9/-

779 59.7 32.3 16.4/-

65 (4- 52 - -

year)

84.1 67.9 - 13.5/66.9

Study (year) Number Device Mean F/U 1-year

(mo.) (0}
N’Kontchou et al. (2009) [35] 235 Covidien Cool-tip 27 -
Shiina et al. (2012) [32] 1170 Covidien Cool-tip 38.2 96.6
Kim et al. (2013) [33] 1305 Covidien Cool-tip (+ 3 others) 33.4 95.5
Facciorusso et al. (2014) [34] 103 Model 1500 L, RITA 78 97
Lee etal. (2014) [3¢] 162 Not specified 50.3 94.4
F/U: Follow-up; LTP: Local tumor progression; mo.: Months; OS: Overall survival.
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This is fused with the patient’s diagnostic CT
or Magnetic resonance imaging (MRI) images
(when available). A gross tumor volume is delin-
eated using all available imaging and based on
the individual patient’s motion management a
planning target volume is added. Tumor cover-
age and total dose is determined based on the
irradiated liver volume normal tissue complica-
tion probability normogram and organ at risk
dose constraints, using volumetric modulated
arc therapy (VMAT) conformal arc therapy.
Patients are treated every other day with three to
five treatments and tumor positioning is assessed
by pretreatment based on and matched to the
location of fiducials on cone beam CT.

¢ Irreversible electroporation
Irreversible electroporation (IRE) is a nascent
nonthermal ablation modality, which has been
used mainly in the control of unresectable
pancreatic carcinoma [2627]. IRE exploits the
electrical gradient that is present across all cell
membranes by applying short pulses of very
high-voltage direct current energy (90 pulses of
1000-3000 V/cm) leading to the destabilization
of the electrical potential across the cell mem-
brane, resulting in the formation of permanent
nanopores in the lipid bilayer via involution of
the biphospholipid membrane [28]. These nano-
pores induce tissue death via apoptosis while
fully preserving the peri-ablative zone architec-
ture including blood vessels, bile ducts and sur-
rounding normal tissues [29] due to the presence
of gap junctions of the smooth muscle cells and
higher contents of collagenous/elastic fibrous
tissue in bile ducts and blood vessels that act as
a barrier preventing the electrical current [23].
IRE is usually performed under CT guidance
and due to its mechanism of action, has to be
performed under general anesthesia with mus-
cular blockade and pulses timed to the cardiac
cycle to prevent arrhythmias. Multiple unipolar

Future Oncol. (2017) 13(16)

or bipolar needle electrodes may be used, with
pulses delivered through only one cathode
and anode at a time; unipolar leads must also
be placed as parallel as possible to achieve a
predictable ablation zone [30].

Current indications & evidence

¢ RFAin early HCC

In a position statement published in 2009
on the treatment of liver tumors, primarily
HCC and colorectal metastases, the Society
of Interventional Radiologists concluded that
percutaneous RFA was a safe and effective
treatment for selected patients [31].

Since the publication of the position state-
ment, further published evidence supporting the
use of RFA in early-stage HCC has increased the
level and confidence of the evidence. Recently,
a 10-year consecutive case series review by
Shiina et /. in 2012 [32] concluded that RFA
was safe and a locally curative procedure, which
could be first-line treatment for selected patients
with early HCC and potentially as a substitute
for surgical resection of small solitary lesions
in patients at risk for recurrence. Overall sur-
vival (OS) rates at 5 and 10 years were 60.2 and
27.3%, respectively, with other case series report-
ing concordant findings and 5-year survival rates
ranging from 40 to 67.9% [33-36] (Table 1).

Local recurrence (LR) rates in multiple stud-
ies have, however, demonstrated significant
heterogeneity (Table 1); Shiina e a/. 32] reported
a 5-year LR rate of 3.2%, with multivari-
ate hazard ratios trending toward significance
with increasing tumor size (2.1-3.0 cm = 1.3,
3.1-5.0 cm = 1.29 and >5 cm = 1.25), while
Kim et al. [33) reported a 5-year LR rate of 27%,
with increasing tumor size the only significant
factor on univariate analysis. The heterogeneity
in LR data is likely due to differences in HCC
etiologies, different approaches to insufficient
ablation margins, concurrent use of transarterial

future science group



chemoembolization (TACE), different defini-
tions of tumor recurrence at imaging and
variances in patient population [37].

e RFA versus resection

While resection has been the traditional first-line
treatment of choice, depending on the criteria
applied (such as multifocality, tumor size and
vascular invasion) and comorbidities, as few
as 10% of patients with HCC are suitable for
surgery [6]. As RFA has demonstrated efficacy
in treating early-stage HCC patients not suit-
able for resection, a few studies have attempted
to compare the two as first-line treatments in
a very early disease. In a 2006 randomized
controlled trial (RCT) involving 180 patients,
Chen et al. [38] demonstrated no statistically
significant difference between RFA and surgi-
cal resection, with 3- and 4-year OS rates of
71.4%, 67.9% and 73.4%, 64%, respectively.
There was also no difference in outcomes when
subgroup analysis based on tumor size was per-
formed (<3 cm and 3.1-5 cm) [38]. The authors
concluded in favor of RFA based on decreased
cost and complication rates. Two additional
RCTs, Feng e al. in 2012 [39] and Fang ef al. in
2014 401, involving 168 and 120 patients, respec-
tively, also demonstrated no statistically signifi-
cant difference in local control or OS between
RFA or resection (Table 2).

However, in a 2010 study involving
230 patients confined to Milan criteria, rand-
omized equally to RFA or surgical resection,
5-year OS rates were 54.78 and 75.65%, respec-
tively [41], a statistically significant result favor-
ing surgery over RFA. Corresponding 5-year
recurrence-free survival and overall recurrence
rates for the RFA group and resection group were
28.69%, 63.48% and 51.30%, 41.74%, respec-
tively. Further subgroup analysis based on tumor
size (<3 ¢cm and 3-5 c¢m) and multifocality
similarly demonstrated superiority of resection
over RFA [41]. Factors that may have contrib-
uted to these findings include the variation in

The evolution of HCC management

multiplicity and size of tumors that were selected
in patients presenting under the Milan criteria.

¢ RFA versus MWA

RFA is efficacious in treating early-stage HCC
both in patients unsuitable for surgical treatment
or even as first-line treatment in suitable patients.
The theoretical advantages of MWA have been
outlined previously; however, the clinical data
require further exploration.

A 2015 meta-analysis by Chinnaratha et /.,
which included one RCT, one nonrandomized
prospective comparison trial and eight retrospec-
tive observational studies, demonstrated no dif-
ference in overall local tumor progression (LTP)
rates or 1- and 3-year OS rates between the two
modalities [42]. Subgroup analysis indicated a
benefit for MWA for local control in tumors
outside of Milan criteria (single tumor >5 ¢cm or
>3 nodules) [42].

A systemic review published in 2016, which
included one RCT and six retrospective studies,
also demonstrated no statistically significant dif-
ference in LR rates between the two modalities
(OR: 1.015;95% CI 0.53-1.87; p = 0.98) [43]. In
a sub-group analysis of 3 studies [44-46], which
included larger tumors, MWA significantly out-
performed RFA in LTP rates (OR: 0.46; 95%
CI: 0.24-0.80; p = 0.02) [43]. Therefore, while
there are no significant overall differences in
LTP and OS rates between the two modalities,
published data favor MWA for local control in

larger tumors.

e SABRin early HCC

Undoubtedly, a growing interest has devel-
oped with SABR in the management of HCC
for curative intent with only a few small pro-
spective Phase I/I1 studies that have reported
on local control, survival outcomes and toxic-
ity (47.48]. There have also been several retro-
spective single institutional studies including
those by Sanuki ez a/. [49) detailing outcomes of
185 HCC patients treated with SABR for tumors

REVIEW

Table 2. Results of randomized control trials comparing radiofrequency ablation and resection in early hepatocellular carcinoma.

Resection RFA 3-year OS Resection
1-year OS (%) (%) 3-year OS (%)
93.3 71.4 73.4

98.2 69.57 92.17

96 67.2 74.8

93.7 82.5 77.5

RFA 3-year
DFS (%)

64.1
46.08
49.6
55.4

Resection 3-year
DFS (%)

69

60.87

61.1

4.3

Study (year) Number RFA 1-year
0S (%)
Chen et al. (2006) [38] 180 95.8
Huang et al. (2010) [41] 230 86.96
Feng etal. (2012) [39] 168 93.1
Fang et al. (2014) [40] 120 97.5
DFS: Disease-free survival; OS: Overall survival; RFA: Radiofrequency ablation.
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<5 cm. The 3-year local control and OS rates
were 91 and 70%, respectively and only 13% of
patients had a >grade 3 acute toxicity. A group
from Korea [s0] published on 82 HCC patients
with a median tumor size of 3 cm (1-7 cm) who
received a median dose of 51Gy in 3 fractions
with reported 2-year local control and OS rates
of 87% and 63% respectively.

Yoon ez al. (1] described reducing local con-
trol rates with SBRT as tumor size increased
(LC at 3 years 100% <2 cm and 76% >3 cm)
and Kwon et 4/. [8) demonstrated increased
tumor progression rates in tumors greater than
32 cc (corresponding to approximately 4 cm).
Currently, the standard of care in patients who
are not candidates for surgery or local ther-
mal ablative therapies due to multiplicity and/
or tumor volume is the noncurative option of
TACE. The use of TACE with and without
SABR has been reported [s1] in patients with
large unresectable HCCs, describing promising
response and OS rates in the combined group
(2-year survival 36.8% vs 14.3%). More data
are required to further elucidate the role of
SABR alone or in combination as a potential
ablative therapy in the larger unresectable HCC
population.

¢ Thermal ablation versus SABR
As of the time of publication, no randomized
prospective data directly comparing thermal
ablation to SABR in the ablative setting has
been conducted. As previously described, limi-
tations to the use of thermal ablative therapies
include location and size of tumors. SABR has
the theoretical ability to overcome technicalities
such as location by developing individualized
patient plans and using highly focused beam
arrangements, assuming that control of motion
artifact and adequate dose planning results in
minimal nontargeted irradiation to normal liver
parenchyma and adjacent critical tissues (such
as the stomach, gastrointestinal tract and lung).
Wahl ez al. 9] retrospectively compared RFA
to SABR in patients with early-stage, liver-
confined HCC. General tumor characteristics
were similar between groups and median tumor
size was 1.8 (RFA) versus 2.2 cm (SABR) and
overall there were similar local control and sur-
vival outcomes, with excellent side-effect profiles
described. The study found no statistically sig-
nificant difference in freedom from local pro-
gression between groups for tumors less than

2 em (HR: 2.50; 95% CI: 0.72-8.67; p = 0.15);

Future Oncol. (2017) 13(16)

however, in tumors greater than 2 cm SABR
was associated with a significantly improved
freedom from local progression (HR: 3.35;
95% CI: 1.17-9.62; p = 0.025). The authors
concluded that both treatment modalities are
effective options in the early inoperable setting
and SABR may be a reasonable first-line option
in treating the larger, greater than 2 cm, inoper-
able tumors. MWA, IRE and complex geometry
multielectrode RFA were not incorporated into
the retrospective analysis.

In a recent paper comparing the cost—effec-
tiveness of SABR versus RFA in treating HCC,
Pollom et al. [52) developed a decision-analytic
Markov model for patients with inoperable,
localized HCC who were eligible for both treat-
ment modalities. They concluded that a treat-
ment strategy which consisted of RFA as initial
treatment followed by SBRT as salvage therapy
(RFA-SBRT) was the most efficacious and
cost effective as compared with RFA-RFA and
SBRT-RFA strategies.

¢ Irreversible electroporation

IRE has mainly been used in the treatment
of locally advanced pancreatic adenocarci-
noma [26.27]; its role in treating liver tumors,
particularly HCC, is less certain, with no
long-term survival data available. A prospective
cohort study containing the largest number of
HCC patients treated with IRE to date included
a total of 25 patients with 48 tumors, 22 of
which were HCCs with a median tumor size of
4.6 cm [s3]. LR rates were significantly associ-
ated with tumor size, with LR rate of 9.7% for
tumors <5 cm and 64.7% if >5 cm, with HCC
histology being an additional associated variable
(as compared with other primary or nonprimary
liver tumors).

Other published cohort studies, which have
included a relatively large number of patients with
liver tumors, do not contain a significant num-
ber of patients with HCC (2-14 patients) [54-56].
Cannon ez al. included 14 patients with HCC
(median size 2.1 cm: 1.3—4.5 cm) and demon-
strated LR-free survival rates of 90 and 50% at 6
and 12 months, respectively [ss]. Thompson ez al.
included ten HCC patients with 18 tumors, dem-
onstrating complete response in 15/18 tumors at
3 months follow-up and no response in tumors
greater than 5 cm (56]. Analysis of the remain-
der of the studies demonstrates relatively poor
local control as compared with thermal ablation;
the utility of IRE may therefore lie in treating

future science group



patients who are not suitable for resection, abla-
tion or radiotherapy. No long-term follow-up
data vis-a-vis LR rates, progression-free survival

and OS have been reported.

Conclusion
As we have seen, there are a number of local
ablative therapies available for the treatment of

The evolution of HCC management

early or unresectable HCC. Thermal ablative
modalities, mainly RFA, have not only demon-
strated their efficacy in treating early HCC, but
also have proved to be as effective as surgical
resection in the treatment of early uncompli-
cated disease in selected patients, with similar
LTP-free and OS rates; results obtained with
less morbidity. MWA, while not demonstrating

REVIEW

EXECUTIVE SUMMARY
Background
e  Primary liver cancer, mainly hepatocellular carcinoma (HCC), is one of the most common malignancies in the world.

e Surgical management, either resection or transplantation, are definite curative therapies but less than one in five
patients are suitable candidates. Local ablative modalities, which may be curative in intent, are alternative treatments.

Thermal ablation

e Thermal ablation techniques operate by generation of heat in target tissue, either by electrical (radiofrequency
ablation, RFA) or electromagnetic energy (microwave ablation, MWA), resulting in protein denaturing and coagulative
necrosis.

e RFAis the traditional thermal ablative modality, with a substantial supporting body of evidence, demonstrating
efficacy in treating early-stage HCC; 5-year overall survival rates across multiple studies range from 40 to 67.9%.
RFA can also be considered as first-line treatment (vs surgical resection) in selected patients with uncomplicated
early-stage disease.

e  MWA is the more recent thermal ablation technique, with similar efficacy and overall survival to RFA in treating early
HCC. Due to its mechanism of action, it may provide better local control in larger and perivascular tumors.

Stereotactic ablative body radiotherapy

e Stereotactic ablative body radiotherapy (SABR) is at present generally reserved for tumors unsuitable for thermal
ablation by virtue of location and/or size or as salvage therapy after other locoregional therapies.

e Recent studies have, however, demonstrated promising results in treating early HCC, with 3-year local control and
overall survival rates of 91 and 70% in a retrospective study of 185 patients. A number of Phase I/Il trials have also
demonstrated encouraging results.

Irreversible electroporation

e lIrreversible electroporation (IRE) is a nonthermal ablative modality that relies on disrupting the electrical gradient
across cell membranes by application of short pulses of high-voltage direct current energy. This creates permanent
nanopores, leading to cell death via apoptosis (as opposed to thermally induced coagulative necrosis).

e |t has mainly been used, with some success, in the treatment of locally advanced pancreatic adenocarcinoma. Its role
in treating HCC is less established but currently under investigation; its utility, so far, may lie in treating patients who
are unsuitable for resection, thermal ablation or other forms of locoregional therapies.

Conclusion

e Thermal ablative treatments, mainly RFA, supported by a substantial body of evidence, have demonstrated efficacy
in treating early-stage HCC and may be considered as first-line therapy in selected patients with early uncomplicated
disease; MWA offers potentially better local control in larger and perivascular tumors.

e Due to refinements in SABR technique, there are emerging data supporting its increasing use in treating early or
unresectable HCC. It is currently used as salvage therapy or in patients unsuitable for traditional forms of locoregional
treatments.

e Nascent technologies such as IRE may provide additional options for disease control in patients who are either
unsuitable for or have exhausted traditional avenues of surgical or ablative treatments, although current evidence do
not support their widespread use.
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overall superiority to RFA despite its theoreti-
cal advantages, has nevertheless reported results
suggesting the modality to be more effective in
treating perivascular and larger tumors. While
there is a paucity of prospective and RCTs eval-
uating SABR in treating unresectable HCC,
a number of recent studies have demonstrated
promising results. Furthermore, with relatively
nascent and emerging technologies such as IRE
supported by a body of growing evidence, the
precision and progress that has been achieved
has led to expanding indications and roles for
various modalities.

Indications for use of RFA within our institu-
tion generally include solitary lesions of <3 cm
without contact with a vascular structure with
simple geometries that are conducive to a single
electrode placement. Indications for the use of
MWA include lesions ranging from 3 to 4.5 cm in
size, and lesions that are near vascular structures.
Additional consideration is made in the setting
where the desiccating properties of MWA may
help ‘pull the tumor away’ from tissue planes that
may represent surgical resection margins in the
future, or in subcapsular lesions at risk to rup-
ture during RFA. Indications for the use of SABR
vary between centers and are often reserved for
patients who are ineligible for all other treatment
modalities (i.e., surgery, RFA, MWA and TACE)
due to issues related to liver function, medical
comorbidities, location, age and size.

Future perspective

The improvements in our understanding
of the biology and nature of HCC, married
with newer nonsurgical techniques to cure,

downstage and bridge patients to transplan-
tation has created a veritable cornucopia of
options for therapy. As HCC represents the end
point of chronic inflammatory conditions (such
as alcohol induced liver disease, viral hepatitis,
chronic inflammatory states and genetic disor-
ders), metachronous disease presentation is the
normal, as opposed to exceptional, situation.
Therefore, many patients often undergo serial
treatments ranging from surgery to ablation
and to embolization. With a maturing body of
literature and the evolution to multidisciplinary
tumor boards, local expertise supplemented by
the increasing body of data will serve to address
and acknowledge the noncompetitive nature
and role of contemporary therapies for the
treatment of the HCC patient.
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