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Abstract

Hepatocellular carcinoma (HCC) is the sixth-most
common type of cancer worldwide. The only definitive
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treatment modalities capable of achieving a cure
are hepatic resection and hepatic transplantation.
However, most patients are not candidates for these
therapies. Overall, treatment options are driven by
the stage of HCC. Early-stage disease is treated with
ablative therapies, with radiofrequency ablation the
ablative therapy of choice. Microwave ablation and
irreversible electroporation are the other upcoming
alternatives. Intermediate-stage disease is managed
with transarterial chemoembolization (TACE), while
advanced-stage disease is managed by sorafenib, with
TACE and radioembolization as other alternatives.

Key words: Hepatocellular carcinoma; High intensity
focussed ultrasound; Irreversible electroporation;
Microwave ablation; Radiofrequency ablation
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Core tip: Treatment of hepatocellular carcinoma is
dependent on the stage of disease. Early-stage disease
is managed by resection. Radiofrequency ablation (RFA),
is becoming an attractive alternative for very early-stage
disease. Early-stage disease is treated with ablative
therapies. RFA is the ablative therapy of choice. RFA,
however, is not effective in all cases. Microwave ablation
and irreversible electroporation are upcoming alternatives.
Transarterial chemoembolization (TACE) is the modality
of choice for intermediate-stage disease. TACE-based
multimodal treatment is becoming acceptable. Advanced-
stage disease is managed by sorafenib. However, TACE
and radioembolization are other alternatives.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth-most
common type of cancer worldwide and the third-leading
cause of cancer-related death!!. The Barcelona Clinic
Liver Cancer (BCLC) classification not only stages but
also guides the clinical management of patients with
HCC (Table 1 and Figure 1)?. An integral component of
the BCLC staging is the Child-Pugh classification (Table
2)F,

The only definitive treatment modalities capable
of achieving a cure are hepatic resection and hepatic
transplantation. However, a limited number of patients
(10% to 20%) are considered fit for these treatments.
A large percentage of the remaining patients are
managed by so-called liver-directed regional therapies.
Among these, methods of tumor ablation (TA) have
shown the most clinical promise. In addition to down-
staging patients, TA may have a potential curative role,
especially in very-early- and early-stage HCCs™. The
various options for ablative therapies are listed in Table 3.

There has been a significant evolution of TA therapies
as an alternative option for patients with unresectable
tumors. This has been rendered feasible by significant
technical advancements and evidence from well-
conducted studies that have suggested improved
outcomes in patients treated with TAE™,

We will discuss the various treatment options for
HCC based on the BCLC staging.

VERY-EARLY-STAGE HCC

The standard treatment in this group is surgical rese-
ction. Such patients are unlikely to decompensate after
resection and have an excellent 5-year survival rate (>
75%)™®. The most commonly used surgical technique
for this group is anatomic resection, which involves
en-bloc removal of a liver segment (supplied by a
major portal vein branch and the hepatic artery). This
technique is preferred because it theoretically allows
the eradication of intrahepatic metastases of HCC.
However, a major consideration is treatment-related
mortality, which is in the range of 1%-3%"". TA methods
provide an alternative treatment option for nodules
smaller than 2 cm in diameter. Percutaneous radiofre-
quency ablation (RFA) is the standard TA technique
at most centers worldwide. Lesions that are not sub-
capsular, perivascular, or peribiliary are ideal targets for
percutaneous RF ablation. In centrally located tumors,
RFA perhaps presents a challenge to the dominant
position of surgical resection for treatment. A very high
complete response rate (97%) and a 5-year survival
rate of 68% has been reported with RFA in very-early-
stage HCC!"®. Cho et al''”, in their recent decision-
analysis study, concluded that RFA and hepatic resection
should be considered equally effective for the treatment
of very-early HCC. Takayama et a/*®! performed a
retrospective analysis of 2550 patients (RFA/resection =
1315/1235) with very early HCC, finding no statistically
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significant difference in overall survival (OS) rates in the
RFA versus resection groups (95% vs 94%). In a recent
meta-analysis, there was no significant difference in the
overall 1- and 3-year survival and disease-free survival
rates between the resection and RFA groups for tumors
< 2 cm in diameter™,

Based on these published data, it is recommended
that RFA be considered a first-line treatment option for
very-early-stage HCC, with surgical resection reserved
for patients for whom individual variables preclude RFA.
In certain patients who are not candidates for RFA (e.g.,
sub-optimal location) or surgery (e.g., increased bilirubin
level or signs of portal hypertension), percutaneous
ethanol injection (PEI) may be considered!. In a
randomized trial by Giorgio et all**!, patients with a
single HCC < 3 cm were randomly assigned to receive
PEI or RFA, and comparable 3-year (74% and 78%,
respectively, for each treatment) and 5-year (68% for
both treatments) survival rates were found.

EARLY-STAGE HCC

Resection, liver transplantation, and percutaneous TA
are the various treatment options for this large, hetero-
geneous group. Besides the percutaneous approach
for ablation, other approaches for ablation have been
described, including a laparoscopic route and an open
surgical route. Advanced techniques are also described
for lesions abutting the diaphragm and gastrointestinal
tract. The surgical routes for ablation allow treatment
of larger lesions, avoiding the hindrances posed by the
tissues overlying the liver.

Among the different TA techniques, RFA is currently
the favored treatment option for patients with early-
stage HCC (Figure 2)™, Percutaneous chemical ablation
is cost-effective, easy-to-perform, and has found
worldwide acceptance for small lesions. Between PEI
and percutaneous acetic-acid injection (PAI), multiple
studies have failed to show any superiority of one
over the other””). PEI and PAI are limited by the need
for multiple sessions to achieve the clinically desired
results. With the introduction of RFA, chemical ablation
has decreased in popularity.

There are four types of RF electrodes commercially
available: Two models of retractable-needle electrodes
(model 70 and model 90 Star-burst XL needles, RITA
Medical Systems, Mountain View, CA; LeVeen needle
electrode, Boston Scientific, Boston, MA), an internally
cooled electrode (Cool-Tip RF electrode; Radionics,
Burlington, MA), and a separable clustered electrode
(Octopus®; STARmed, Goyang, Korea)™.

The RITA RF electrode consists of a 14-gauge,
insulated outer needle that has nine retractable, curved
electrodes of various lengths. When deployed, the device
assumes the approximate configuration of a Christmas
tree. The LeVeen RF electrode has retractable, curved
electrodes and an insulated, 17-gauge outer needle
that contains 10 solid, retractable, curved electrodes.
It assumes the configuration of an umbrella upon
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HCC

Stage 0
PS 0, Child-Pugh A

Stage A-C

PS 0-2, Child-Pugh A-B

Stage D
PS > 2, Child-Pugh C

l

Very early stage (0)
Single < 2 cm

Early stage (A)
Single or 3 nodules

Intermediate stage (B)
Multinodular, PS 0

Advanced stage (C)
PV invasion, N1, M1, PS 1-2

Terminal stage (D)
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——>Increased ——> Associated diseases
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No Yes
‘ Liver transplantation ‘ ‘ RFA HTACE ‘

Symptomatic
treatment

Sorafenib

‘ Curative treatments

Palliative treatments ‘

Figure 1 Flow chart of Barcelona Clinic Liver Cancer based management guidelines for hepatocellular carcinoma®. HCC: Hepatocellular carcinoma; RFA:

Radiofrequency ablation; TACE: Transarterial chemoembolization.

Table 1 Barcelona Clinic Liver Cancer classification™™

BCLC classification

Stage Description

Very early PS 0, Child-Pugh A, single HCC, 2 cm

Early PS 0, Child-Pugh A-B, single HCC or 3 nodules, 3 cm

Intermediate PS 0, Child-Pugh A-B, multinodular HCC

Advanced PS 1-2, Child-Pugh A-B, portal neoplastic invasion,
nodal metastases, distant metastases

Terminal PS 2, Child-Pugh C

HCC: Hepatocellular carcinoma; BCLC: Barcelona clinic liver cancer.

Table 2 Child-Pugh dlassification™

Child-pugh classification

Finding 1 point 2 points 3 points
Encephalopathy grade None Mild Severe
Ascites Absent Mild to moderate Severe, refractory
Serum bilirubin (mg/dL) 2 2-3 >3

Serum albumin (g/dL) >35 2.8-3.5 <28

INR <17 1.7-2.2 >22

A: 5-6 points; B: 7-9 points; C: 10-15 points. INR: International normalized
ratio.

deployment. The Cool-Tip RF device has an insulated,
hollow, 17-gauge needle with an exposed needle tip
of variable length. The needle shaft has two internal
channels for perfusion with chilled water. In an attempt
to increase the size of the possible ablation area, the
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Table 3 Various ablative methods for hepatocellular

carcinoma

PAI

PEI

Nitrous oxide
Liquid nitrogen
Argon

RFA

LITT

HIFU

MWA

IRE

Chemical ablation

Cryoablation

Thermal ablation

Electroporation

PALI Percutaneous acetic acid injection; PEI: Percutaneous ethanol injection;
RFA: Radiofrequency ablation; LITT: Laser-induced thermotherapy; HIFU:
High-intensity focused ultrasound; MWA: Microwave ablation; IRE:
Irreversible electroporation.

manufacturer has placed three of the cooled needles
in a parallel, triangular cluster with a common hub (a
multi-tined electrode). In the Octopus®, RF energy is
applied to two electrodes, while, simultaneously, RF
energy is switched between a pair of electrodes. This
can create a large ablative zone with a spherical shape
that has better efficiency of RF energy delivery over a
given treatment time.

In order to achieve therapeutic results similar to
those achieved with traditional surgery, surgical margins
of approximately 1 cm are required for successful
resection by RFA. However, current RFA technology,
with internally cooled or expandable electrodes, achieve
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Table 4 Comparison of radiofrequency ablation and percutaneous ethanol injection

Study and treatment Initial complete Treatment Overall survival rate (%) P value
response rate (%) failure rate (%) 1-yr 3-yr

Lin ef al™
RFA (n =52) 96 17 82 74 0.014
PEI (n = 52) 88 45 61 50

Shiina et al™”
RFA (n =18) 100 2 90 80 0.02
PEI (n = 114) 100 11 82 63

Lin ef al®”
RFA (1 = 62) 97 16 88 74 0.031
PEI (n = 62) 89 42 96 51

PEI: Percutaneous ethanol injection; RFA: Radiofrequency ablation.

Figure 2 Axial computed tomography images before and after
radiofrequency ablation shows an arterial enhancing lesion (arrow, A).
That is replaced by a hypodense area without any enhancement following
radiofrequency ablation (arrow, B).

a limited volume of coagulation necrosis, resulting in
marginal recurrence rates up to 41%, especially with
tumors greater than 3 cm in diameter. Several types
of electrodes have been developed to overcome this
limitation and achieve larger ablation zones, including
perfused, clustered, saline-infused expandable, and
multipolar electrodes. In addition, a multiple electrode-
switching system can achieve substantially larger
ablation volumes than techniques using conventional
RF ablation with single electrodes having overlapping
ablations™.

Five randomized, controlled trials (RCTs) have
compared RFA and PEI for the treatment of early-stage
HCC. The results of three RCTs (Table 4) showed that
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RFA is more effective than PEI in terms of better local
disease control™*'**", However, in trials by Lencioni et
al™ and Brunello et al®!, the differences in overall 1-
and 3-year survival rates between RFA and PEI were
not statistically significant. Further, independent meta-
analyses of early-stage HCC cases have confirmed the
survival benefit conferred by RFA over PEI®* ™,

Recent studies regarding the long-term outcomes
of RFA-treated patients have shown consistently high
5-year survival rates in early-stage HCC?****!, In studies
by Lencioni et al®® (n = 144), Tateishi et al*” (n =
221), Choi et al*® (n = 359), and N’Kontchou et af***’
(n = 67), 3- and 5-year survival rates were reported,
respectively, as 76% and 51%, 83% and 63%, 78%
and 64%, and 82% and 76% for Child A or BCLC
resectable disease'®**. In a study by Kalra et af*”, 31
patients with 41 unresectable HCCs were treated with
RFA. Over a follow-up period ranging from 3 mo to 6
years, ablation was successful at a rate of 80.5%. Eight
patients had tumor recurrences. The survival rate at 1
year in patients who had completed at least 1 year of
follow-up was 63.3%"".

Thus, a question arises: Can RFA replace surgical
resection as a first-line treatment for early-stage HCC?
Several retrospective studies and a single RCT found
no statistically significant difference in survival rates
between surgical resection and RFAP"*7,

Chen et al®® conducted an RCT on 180 patients
with a solitary HCC < 5 cm who received either
percutaneous RFA or surgical resection. No significant
difference was noted in the overall and disease-free
survival rates between the RFA and resection groups in
terms of their respective 1-year (95.8% and 93.3%)
and 4-year (67.9% and 64.0%) OS rates. However,
in the RCT by Huang et a/®”, the 1-, 3-, and 5-year
OS and recurrence-free survival rates in the surgical
resection group were significantly higher than in the
RFA group (P = 0.001, P = 0.017).

An important factor limiting the success of RFA
is tumor size, as RFA may fail to ablate the entire
tumor volume for tumors larger than 3 cm along the
longest axis, particularly at their periphery. The results
of RFA are also greatly affected by tumor location.
The presence of a large vessel (3 mm or more) in the
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vicinity of the lesion reduces heat deposition by a “heat
sink” effect'®”!. Furthermore, lesions in the vicinity of
vital structures like the gallbladder, bile ducts, or colon
are difficult to treat due to the inherent risk of thermal
damage.

Therefore, when RFA is not precluded by tumor
location, it is proposed that solitary HCCs larger than 3
cm and smaller than 5 cm in size should be considered
for combination therapy with RFA*"*!, One of the
forms of combination therapy is TACE-preceded RFA.
The rationale behind lipiodol TACE-preceded RFA is as
follows: a state of transient liver infarction is induced by
the lipiodol, which regurgitates into the portal branches
via the peribiliary venous plexus, thereby decreasing
the heat sink effect, expanding the ablative area, and
promoting the ablation of satellite lesions!*!. Several
studies have reported significantly better survival
rates with TACE-preceded RFA compared to RFA
alone for intermediate-sized lesions*>* ¥, In another
administration method, TACE may follow RFA, with
TACE expected to handle the peripheral part of a tumor
where RFA achieves sub-optimal temperatures!..
A phase Il randomized, double-blinded, placebo-
controlled study investigating the efficacy and safety of
thermally sensitive liposomal doxorubicin in combination
with RFA compared to RFA alone in the treatment of
unresectable HCC is ongoing™.

When RFA cannot be performed, largely in view
of tumor location, TACE combined with drug eluting
beads (DEB) is an alternative. Complete necrosis was
reported in 77% patients undergoing DEB-TACE prior to
transplantation®™”.

HCCs larger than 5 cm comprise another critical
group in early-stage HCC. These patients are precluded
from transplantation, according to the Milan guidelines,
yet surgical resection should be considered for these
patients as ablative therapies are unlikely to be effective
with lesions of this size®™". Combination therapies are
also expected to be inferior to surgical resection.

Other thermal ablative therapies-including laser-
induced thermotherapy (LITT), high-intensity focused
ultrasound (HIFU), and microwave ablation (MWA) and
irreversible electroporation (IRE) are other alternative
modes of therapy; however, these are still evolving
technologies and there is too little data at present to
put forth concrete recommendations. Of the above-
mentioned alternatives, MWA and IRE appear promising
and may even supplant RFA in the future.

LITT is based on the use of an Nd-YAG (neodymium:
yttrium aluminum garnet) diode laser that allows
the delivery of a precise amount of energy to a pre-
defined region. Maximal tissue penetration and the
desired therapeutic results are achieved by producing
slow heating within its therapeutic window. Most
studies with LITT have been reported in patients with
liver metastases, with favorable survival rates and an
acceptable complication profile®®***, A single trial of
LITT for HCC evaluated the efficacy of a combination of
TACE and LITT compared to TACE alone. TACE and LITT
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were performed in 54 patients, while TACE alone was
administered to 51 patients. After a follow-up of 24 mo,
survival rates were significantly better in the TACE and
LITT (79.6%) than in the TACE alone (60.8%) group™".
A multicenter study (involving 432 cirrhotic patients
with a single tumor < 4 cm or three or fewer nodules <
3 cm each, comprising together 548 lesions), reported
that the ideal candidates for laser ablation are younger
(< 73 years) with normal serum albumin levels. Child-
Pugh class A patients with tumor size < 3 cm and a
well-differentiated histologic pattern who achieved an
initially complete ablation had median survival of 65 mo.
Median time to recurrence was 24 mo, and median
disease-free survival was 26 mo™.. However, this form
of treatment is not preferred, largely due to the availa-
bility of better alternative ablative therapies.

In HIFU, high-intensity ultrasound in the range of
100-10000 W/cm?is delivered to a focal region. The
absorption and subsequent intense acoustic energy
generates temperatures above 60 ‘C in a short span
of time, producing coagulative necrosis. Successful
ablation of HCC has been reported by several stu-
dies®*®, In a recent study, Ng et a**! presented data
on 49 patients treated with HIFU for unresectable
HCC. Complete clinical response in this series was
79.5%, and 1- and 3-year survival rates were 87.7%
and 62.4%, respectively. In another series by Xu et
al*!, 145 patients with HCC were treated with HIFU.
Symptom improvement and pain relief was achieved in
84.8% of patients™®, A two-year survival rate of 80%
was reported for early-stage disease. Chan et a/t*”
compared HIFU to RFA in 103 patients with HCC. HIFU
was associated with higher complication rates (skin
burns and pleural effusion) than was RFA. There was no
significant difference in the 3-year OS rate between HIFU
and RFA®”, A completely extracorporeal HIFU device for
treatment of HCC, though clinically feasible, is capable
of ablating only small-volume lesions unless a partial
rib resection is performed. Moreover, this procedure is
associated with attenuation and various complications,
including skin burns and gastric lesions. For these
reasons, an open procedure seems appropriate despite
being more invasive. Besides allowing a better staging
of malignancies, large areas of liver can be rapidly
ablated in an open procedure. In a feasibility study by
Dupré et al®, this approach was found to be effective
in patients with colorectal liver metastases. In 30
ablations performed in 15 patients, intra-operative HIFU
was found to be safe, feasible, and without damage to
neighboring tissues®”. Recently, Gandini evaluated in an
animal model the use of HIFU for assisting liver resection
in an open procedure®!, They found that HIFU-assisted
liver resection is associated with reduced bleeding risk.

The basic principle of ablation in MWA is heat
generation using dielectric hysteresis. High-frequency
microwaves (typically 900 to 2500 MHz) lead to
polarization and rapid oscillation of the intracellular
water molecules. The resulting kinetic energy transfer
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Table 5 Advantages of microwave ablation over radiofrequency
ablation

Achieves higher temperatures and relatively larger ablative zones in a
shorter time

Ablative zones are more consistent and uniform in character

Better safety profile

Less post procedural pain

Not affected by the heat sink effect

Multiple applicators can be used simultaneously

Figure 3 Irreversible electroporation for an early stage hepatocellular
carcinoma in left lobe (arrow) (A and B).

produces heat, coagulation necrosis, and TA. The
advantages of MWA over RFA are tabulated in Table
5. Shibata et a®” compared the effectiveness of MWA
with that of RFA. There was no statistically significant
difference in the effectiveness of the two procedures.
However, a trend favoring RFA was recognized in that
study with respect to local recurrence and complication
rates’®”. In another study by Yin et af*® comparing the
therapeutic efficacy of RFA and MWA in treating HCCs
> 3 cm, both RFA and MWA were found to be effective
and safe. Several studies have evaluated the efficacy
of MWA when used alone in treating HCCs'®*, Sato
et al®, in one of the earliest studies, demonstrated
the safety and efficacy of MWA in 19 patients with
unresectable HCCs. MWA was potentially curative in
73.7% of patients™®, The authors concluded that MWA
is a safe and potentially curative treatment option in
patients with HCCs having advanced liver cirrhosis and
multifocal or central tumors. In another case series, 60
patients with initial HCC (n = 15) and recurrent HCC (n
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Figure 4 Computed tomography 1 mo after irreversible electroporation in
the same patient as Figure 4. No residual enhancement is seen (arrow).

= 45) were treated with MWA. Three-year recurrence
free survival rates for initial HCC and recurrent HCC
were 36.7% and 8.8%, respectively; 5-year OS for all
patients was 43.1%'®. Several other case series also
reported a favorable outcome with MWA®* 8, A recent
study evaluated the efficacy and safety of percutaneous
MWA versus TACE for large HCC (5-7 cm). Sixty-four
patients were divided into two groups and treated with
either MWA or TACE. A higher rate of complete ablation
(75%) was achieved with fewer sessions of MWA
than of TACE, and MWA displayed a lower incidence of
tumor recurrence, de novo lesions, or post-treatment
ascites'”.

Though several initial studies have shown favorable
results with cryoablation, many recent studies have
raised concerns regarding serious side effects and
complications associated with this technology, including
cryoshock, hypothermia, cracking of the ice ball, hemorr-
hage, biloma, abscess, pleural effusion, and death™®”*.,

IRE is a non-thermal ablative technique that achi-
eves cell death by creating pores in the lipid bilayer
of cell membranes using an electric current. This is
accomplished by micro- to millisecond electrical pulses
(at 1000-3000 V) delivered via needle electrodes,
causing loss of cellular homeostasis and eventually cell
death (Figures 3 and 4). In contrast to thermal ablative
methods that cause coagulative necrosis by gross
heat damage to a cell, IRE acts at the level of cellular
membranes and produces cell death by apoptosis’.
As a result, it spares important structures like blood
vessels, bile ducts, and tissue stroma"*. The NanoKnife
(AngioDynamics, New York) is the most commonly
used commercial device. It utilizes a 2500 V generator
system. Advantages of IRE over other ablative
techniques are listed in Table 6. A comparison of various
ablative techniques in terms of ease of ablation titration,
cost, and tissue specificity is given in Table 7.

Early clinical experience with IRE regarding safety
and efficacy during ablation of HCC is encouraging.
However, most of the available data are short-term.
In one of the initial reviews, by Charpentier, IRE was
not only found to be safe but also potentially superior
to other techniques for lesions abutting major vascular
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Table 6 Advantages of irreversible electroporation over
other thermal ablative techniques

Selective cellular target

Cell death via apoptosis

Sparing effect on important structures

Not affected by heat sink (compared to RFA)

Sharp boundary between the treated and untreated areas

RFA: Radiofrequency ablation.

Figure 5 Trans-arterial chemoembolisation of a large hepatocellular
carcinoma in right lobe of liver (arrow, A). Following transarterial chemoem-
bolization, there is uniform distribution of lipiodol the lesion (arrow, B).

structures'”?’. In another retrospective review, IRE-
specific treatment outcomes, rates of recurrence, and
complications were evaluated in 28 patients with tumor
locations precluding other forms of ablation. IRE was
found to be safe, with only 3% of patients suffering
complications. At 6-mo follow-up, recurrence was
reported in 3 patients (5.7%)"*. Several prospective
studies have also established the safety and efficacy
of IRE. Cannon et al”™ reported a 100% initial success
rate with IRE in 44 patients with HCC. Adverse
events were noted in 11% of patients; however, all
complications resolved within 30 d. Local recurrence-
free survival rates of 97.4% and 59.5% were recorded
at 3 and 12 mo, respectively. A multi-institutional study
evaluated the learning curve associated with IRE. Over
2 years, 150 consecutive patients participated at seven
institutions”®. The authors found that treatments of
larger lesions and lesions with a greater degree of
vascular involvement could be performed safely and
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Table 7 Comparison of energy based therapies

RFA MWA IRE

Principle Thermal Thermal ~ Non-thermal
Collateral damage + + -
Ease of ablation titration + + ++
Cost + + dudn
Duration of therapy + + ++
Tissue effect

Tumor + + +

Nerve + + -

Vessels + + -

Hepatic architecture + + -

RFA: Radiofrequency ablation; MWA: Microwave ablation; IRE: Irreversible
electroporation.

effectively with increased experience over a period of
time. In a recent study, Narayanan et a’”’ compared
post-procedural pain and tolerance in patients treated
with IRE to that related to RFA. A total of 43 patients
(RFA 22, IRE 21) were included, and post-procedural
pain was comparable in both groups”\. In another
recent trial, Niessen et al”® evaluated the risk factors
associated with short-term local recurrence after IRE.
Twenty-five patients with 48 malignant liver lesions
(HCC = 22; cholangiocarcinoma = 6; metastases
20) underwent IRE. Fourteen of the 48 treated lesions
(29.2%) showed early local recurrence after 6 mo.
Factors predicting short-term local recurrence were
tumor volume (> 5 cm?®) and underlying disease type
(HCC had a significantly favorable outcome compared
to metastases and cholangiocarcinoma). However,
distances to the surrounding vessels and bile ducts were
not significantly associated with local recurrence.

Due to limited data regarding long-term safety
and efficacy, the use of IRE on a widespread scale is
not recommended at present. The best use of this
technology, in the meantime, is for selected patients in
whom other currently available ablative treatments are
not feasible.

INTERMEDIATE STAGE HCC

TACE is recommended as the standard of care for
intermediate-stage HCC (Figure 5), based on improved
survival demonstrated in a meta-analysis that compared
TACE to the best available supportive care or to other,
suboptimal therapies”. A limitation of this study was
the considerable heterogeneity between the individual
study designs as well as the study results. Only 28! of
the 6 included RCTs reported a 2-year survival benefit
over conservative management® %!, Additionally, a
recently concluded Cochrane trial concluded that there
is no firm evidence to support or refute either TACE
or bland transarterial embolization (TAE) for patients
with unresectable HCC. The group suggested that
more adequately powered and bias-protected trials are
needed™®®,

Greater standardization of TACE protocols is heeded.
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The basic principle guiding an ideal TACE protocol is to
achieve a maximum and sustained concentration of the
chemotherapeutic agent in the tumor bed. Systemic
exposure, if necessary at all, should be minimized. In an
attempt to achieve these goals, embolic microspheres
(drug-eluting beads, or DEB) were introduced that are
capable of sequestering doxorubicin hydro-chloride
from solution through controlled release following sel-
ective administration. Compared with lipiodol-based
regimens, these increase local drug concentration and,
in turn, the efficacy™®”’. The PRECISION V trial provides
evidence for the efficacy and safety of TACE with DEB
compared to conventional TACE®®!, The results from this
trial demonstrated greater tolerance, with significant
reductions in doxorubicin-related side effects and
serious hepatotoxicity compared to conventional TACE.
The objective response rate in the TACE with DEB group
was significantly better than in the conventional TACE
group™. An important observation from the trial was
that high-dose doxorubicin treatment was successfully
achieved in the whole DEB group.

A recent study compared the treatment of HCC
with TACE using gelatin sponges or microspheres plus
lipiodol-doxorubicin versus doxorubicin-loaded DEB™?.
A total of 158 patients were enrolled in this study. TACE
with lipiodol-doxorubicin and gelatin sponges (group A),
TACE with lipiodol-doxorubicin and microspheres (group
B), and TACE with doxorubicin-loaded DEB (group C)
were performed in 64, 41, and 53 patients, respectively.
In group C, a significantly higher doxorubicin dosage
was achieved and complete response rates were
significantly higher®..

Studies have investigated the ideal size of the
microspheres for drug delivery in DEB-TACE. A recent
study compared the safety and efficacy of 70-150 um
DEB to 100-300 um DEBs™”. A cohort of HCC patients
who underwent TACE with two vials of 100-300 um
DEBs was compared to those treated with one vial of
70-150 pm DEBs followed by one vial of 100-300 um
DEBs. Though the short-term efficacy did not differ,
TACE with smaller DEBs (70-150 um) followed by larger
DEBs (100-300 pm) was found to be more likely to
cause hepatobiliary adverse events.

It remains to be thoroughly evaluated whether the
addition of the chemotherapeutic agent to embolic micr-
ospheres improves treatment effectiveness. This issue
has been addressed in a few studies. In one RCT, bland
embolization was compared to embolization with beads
loaded with doxorubicin®, The results demonstrated a
significantly lower tumor-progression rate at 12 mo in
the DEB group than in the bland embolization group™.
Another study established the superiority of DEB-
TACE compared to bland embolization™”. The authors
studied the degree of necrosis in explanted livers
following TACE with epirubicin-loaded DEB and after
bland embolization in patients on a transplant waiting
list. Complete necrosis was achieved in 77% of tumors
in the DEB group and only 27% of tumors in the bland
embolization group, a statistically significant difference
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between the two groups™”.

A recent trend has been towards combination
therapy in an attempt to achieve better tumor-free
survival rates. Published research supports the advan-
tage of various forms of combination therapies with
TACE (with lipiodol or DEB). Ginsburg et al®? compared
retrospectively the outcomes and complications of
transcatheter arterial chemoembolization using drug-
eluting embolic agents combined with RFA or microwave
MWA in the treatment of HCCs™?!. A total of 89 patients
with HCCs were recruited for combination therapy, with
TACE plus RFA (group A) administered to 38 patients
and TACE plus MWA (group B) administered to 51
patients. Complete local-tumor response rates were
80.4% and 76.6% for groups A and B, respectively,
with no statistically significant difference between the
two groups. The median tumor PFS and overall PFS
were also comparable between the two groups. The
authors concluded that both combination therapies are
effective treatments for HCC. lezzi et af*”, in a recent
prospective trial, evaluated the efficacy of single-step
RFA and DEB-TACE in patients with single HCCs > 3
cm. The group treated with combined therapy showed
significantly lower 2-year recurrence and significantly
higher survival rates than did the group treated with
chemoembolization alone. In the on-going SPACE
trial (Sorafenib or placebo in combination with TACE
for intermediate-stage HCC), the potential synergy
between TACE (with DEB) and sorafenib is being
investigated®. The basis for this trial is that hypoxia
can lead to neoangiogenesis (a potential situation
with TACE monotherapy). An anti-angiogenic agent
might inhibit the post-TACE surge in VEGF-mediated
signaling, preventing tumor growth. Moreover, systemic
administration may suppress tumor foci distant from the
TACE site. In phase II of the SPACE trial, 307 patients
undergoing TACE were randomized to sorafenib (n
154) or placebo (n = 153) groups. The results from
phase II reported a hazard ratio (HR) for time-to-tumor
progression (TTP) of 0.797 (95%CI: 0.588-1.080; P =
0.072), with median TTP (50" percentile) of 169 and
166 d in the sorafenib and placebo groups, respectively.
The primary goal of improving TTP by using sorafenib-
TACE with DEB was achieved in the SPACE study. The
data from on-going phase III trials are awaited to
confirm these favorable results.

Studies have also compared the survival of patients
following TACE with the survival of patients following
the resection of large HCCs. A recent meta-analysis
(comprising 12 studies) reported a survival benefit of
resection compared to TACE in patients with BCLC stage
A and B HCC.

Radioembolization is another therapeutic option
for intermediate-stage HCC. The most commonly
employed radioembolization technique at present
employs microspheres coated with a f-emitting isotope,
yttrium 90 (90Y). Similar to TACE, intra-arterially
injected microspheres are preferentially delivered to
the HCC, with selective emission of high-energy, low-
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penetration radiation to the tumor. Several phase I and
II clinical trials have documented the safety of radi-
oembolisation®>®®), The efficacy of radioembolization
for the treatment of HCC has also been reported by a
number of cohort studies and retrospective analyses.
Retrospective studies report that patients with in-
termediate-stage HCCs may have similar survival
following treatment with either conventional TACE or
radioembolization. However, longer time-to-progression
and decreased toxicity have been reported in patients
receiving radioembolization™”".

ADVANCED-STAGE HCC

According to the BCLC guidelines, systemic therapy with
the multikinase inhibitor sorafenib is considered the
standard choice for patients with advanced HCC!'*".

Conventionally, TACE is contraindicated in advanced
HCC patients who have portal-vein invasion, owing to
the risk of hepatic insufficiency!®. However, recent
studies suggest that TACE can be safely performed
even in this group™®**®, Survival benefits in patients
with advanced HCC have been suggested by various
studies. Song et al'® reported on the efficacy and
safety of TACE-based multimodal treatment in patients
with large HCCs (> 10 cm). Of the 146 consecutive
patients recruited in the study, 119 patients with portal-
vein thrombosis received TACE-based multi-modal
treatments (including systemic chemotherapy = 46,
radiotherapy = 25, RFA or PEI = 21, surgical resection
= 13, and liver transplantation = 4). The remaining
27 received conservative management, comprising
the control group. Objective tumor response and OS
were significantly better in the TACE-based multimodal
treatment groups. Kim et al'® compared the efficacy
of TACE with and without radiotherapy (RT) vs sorafenib
for advanced HCC with portal vein tumor thrombosis
(PVTT). Of the 557 patients with HCC with PVTT, 295
received TACE, 196 received TACE with RT, and 66
received sorafenib. The TACE plus RT group showed
significantly better OS than did either the TACE-alone or
the sorafenib groups.

Studies suggest that radioembolization might be an
effective treatment option for patients with advanced
HCCs. In a recent study by Salem et a, a cohort
of 291 patients with HCC was treated with 90Y. Of all
patients, 52% were BCLC class C. TTP for the entire
cohort was 7.9 mo. Sub-group analyses revealed that
TTP in the absence of portal vein thrombosis was 15.5
mo while TTP in the presence of portal vein thrombosis
was 5.6 mo, suggesting that treatment with 90Y glass
microspheres could represent an effective option,
especially in patients with portal vein thrombosis for
whom TACE is conventionally not thought suitable.
Several other studies have also reported favorable
results in advanced HCC'**, However, major bodies
worldwide have recommended further RCTs to evaluate
the safety and efficacy of 90Y™?,

Though there are several emerging techniques for
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managing HCCs in different stages of disease, clarity
regarding the application and safety of one method
over another and about the use of combinations of
different methods remains contentious. Well-planned
RCTs covering all stages of HCCs are required before a
standard of care can be adopted.
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