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Thermal ablation—an option in curative treatment of HCC
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Summary Minimally invasive thermal ablation tech-
niques are an integral part of international treatment
guidelines in hepatocellular carcinoma (HCC). Due to
highly effective local tumor control in nonresectable
liver tumors with a relatively low rate of morbidity
and mortality, thermal ablation even challenges the
surgical approach as the first-line treatment in se-
lected patients. Ablation outcome is largely depen-
dent on the size and location of the HCC as well as
on the applied ablation technique and image guid-
ance. The creation of a sufficient ablation margin (A0
ablation in analogy to R0 resection) is prerequisite to
assure low recurrence rates. In large tumors, tumor-
free margins can be achieved only by overlapping ab-
lation zones, which can be accomplished using stereo-
tactic multiprobe ablation techniques (stereotactic ra-
diofrequency ablation [SRFA], stereotactic microwave
ablation [SMWA], stereotactic irreversible electropora-
tion [SIRE]) in combination with 3D trajectory plan-
ning and image fusion for intraoperative evaluation of
treatment results.
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Due to satisfactory local tumor control and survival
rates thermal ablation has been included in interna-
tional guidelines as a minimally invasive local curative
procedure for the treatment of hepatocellular carci-
noma (HCC) [1–3]. The ablation procedure can be
performed taking advantage of different physical prin-
ciples.

Radiofrequency ablation (RFA) is based on the ap-
plication of alternating current (375–480kHz), heating
the tissue to at least 60°C due to oscillation of the ions
surrounding the probe, leading to coagulation necro-
sis. In comparison to other ablation techniques, RFA
has proven its effectiveness in large cohort studies,
making it a reliable and practical technique [1].

Microwave ablation (MWA) is based on heat in-
duction by means of an electromagnetic field around
the needle, serving as an antenna stimulating water
molecules, resulting in a faster and more homoge-
neous heating of the tissue [4, 5]. MWA and RFA have
achieved comparable results in clinical HCC trials re-
garding local recurrence and complication rates [6, 7].

Cryoablation probes create an ice ball with a de-
fined diameter using argon or helium gas. Tumor cells
are dehydrated during the freezing process, leading to
cell death. Initial studies reported a relatively high
proportion of adverse events compared to alternative
ablation techniques [8, 9], and technical aspects are
still improving.

Irreversible electroporation (IRE) is a nonthermal
technique applying short electrical high-frequency
pulses with high voltage between two electrodes,
resulting in irreversible destruction of the cell mem-
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Fig. 1 Stereotactic thermal ablation (SRFA) in a 76-year-old
man with history of fatty liver disease and liver cirrhosis and
hepatocellular carcinoma (HCC). a Contrast-enhanced CT de-
picting a 52mm HCC in segment IV (arrows). b Planning of
multiple needle trajectories. c Maximum intensity projection
(MIP) of native control CT with coaxial needles in place. d Im-
age fusion of needle control CT with planning CT (with the
planned trajectories) confirms precise needle placement. e In-

traoperative contrast-enhanced CT immediately after radiofre-
quency ablation (RFA) showing devascularized ablation zone
(arrowheads). Image f is showing the control CT with the ab-
lation necrosis at the end of the procedure, which is fused to
the arterial phase planning CT in image a I to prove overlap
of the tumor (red line) and the ablation zone (hypodense rim),
confirming the ablation margin (green line)

brane with subsequent cell death. The procedure
necessitates general anesthesia and muscle block-
age and is synchronized to the heartbeat in order to
prevent cardiac arrhythmia. IRE allows for tumor ab-
lation directly adjacent to the bile ducts without the
risk of biliary leakage or stricture. In addition, heat
dissipation through nearby blood vessels is avoided.
Preliminary results in small patient cohorts have been
published [10].

These ablation techniques generally aim at a ra-
diologically verifiable, complete treatment response,
being associated with extended overall survival [11,
12]. Technical effectiveness of the procedure depends
on the safety margin of the ablation zone, which is
directly proportional to the tumor recurrence rate
[13]. Recent studies revealed that the risk of local
recurrence after thermal ablation of hepatocellular
carcinoma can be substantially minimized by achiev-
ing a three-dimensional (3D) safety margin of 0.5cm
[14–17].

Thermal ablation can be performed during surgi-
cal procedures using ultrasound control [18], which is
technically demanding and more invasive than percu-
taneous procedures.

Various modalities are available for conventional
percutaneous needle guidance, including ultrasound
(US), computed tomography (CT), cone-beam com-
puted tomography (CBCT) or magnetic resonance

imaging (MRI) [19]. Ultrasound is favorable in terms
of real-time imaging and the application of contrast
media for contrast-enhanced ultrasound (CEUS). CT
imaging ensures excellent visibility of the ablation
probe in relation to the target structures. MRI enables
real-time temperature monitoring and intraoperative
visibility of the ablation result without the need for
contrast agents.

The stereotactic three-dimensional approach for
thermal ablation planning allows the implementa-
tion of several overlapping ablation zones in order
to achieve a sufficient three-dimensional safety mar-
gin. A targeting device is used to place several nee-
dles accurately and reproducibly [20] under general
anesthesia and muscle relaxation. Image fusion of
preoperative and intraoperative images allows for
immediate intraoperative verification of a sufficient
ablation zone overlapping the tumor ([21–25]; Fig. 1).

Our group [26] evaluated the effectiveness of
stereotactic radiofrequency ablation (SRFA) by histo-
pathological examination of 188 lesions in 96 HCC
patients in explanted liver specimens who received
SRFA as a bridging therapy before liver transplan-
tation. A complete histopathological response was
achieved in 183/188 lesions (97.3%) and 91/96 pa-
tients (94.8%). For tumors measuring ≥3cm, com-
plete tumor cell death was achieved in 50/52 lesions
(96.2%). To the best of our knowledge, these results
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are superior to any other local therapy and seem
to justify the additional effort associated with the
procedure.

Thermal ablation is liver parenchyma sparing and
less invasive, as compared to surgical resection. Abla-
tion can be performed repeatedly in most cases, main-
taining low complication rates, short hospital stays,
and low hospitalization costs [27, 28]. Possible lim-
iting factors of percutaneous tumor ablation include
hampered tumor visibility upon imaging which is as-
sociated with underestimation of the extent and stage
of the tumor as well as the correct assessment of re-
maining functional liver tissue.

Radiofrequency ablation is associated with a low
morbidity rate and a mortality rate below 1% [29].
A known self-limiting side effect is the “post-ablation
syndrome”, which is characterized by fever of up to
38.5 °C, weakness, fatigue and leukocytosis and is ob-
served in 5–9% of RFA patients [30]. Complications
such as bleeding, liver abscess, pneumothorax and
hemothorax are treated by minimally invasive tech-
niques, including drainage or embolization [31]. Tis-
sue heating in proximity to the central biliary tract has
to be avoided due to the high risk of biliary strictures
and fistulas. In addition, the presence of a bilioenteric
anastomosis increases the risk of abscess formation
[32].

In summary, multiple strategies for the effective
and potentially curative ablation of HCC have been
developed. Randomized controlled trials have shown
that RFA is superior to percutaneous ethanol injec-
tion [33–35]. Lencioni et al. reported 4% local recur-
rence rate as compared to 38% after ethanol injection
(p= 0.002). The overall survival rate after RFA after
2 years was 98% compared to 88% after ethanol injec-
tion (p= 0.138) [36].

The outcome of HCC patients treated by either sur-
gical resection or RFA has been studied in cirrhotic
patients. Of four randomized controlled trials, three
trials did not report a significant difference in over-
all survival for patients after surgical resection or RFA
[37–40]. Out of these studies, one included 180 HCC
patients who were prospectively randomized to RFA or
surgery, with 1-, 2-, 3- and 4-year overall survival rates
of 95.8%, 82.1%, 71.4% and 67.9% vs. 93.3%, 82.3%,
73.4% and 64%, respectively [37]. These findings are in
analogy with different study groups, confirming RFA
to be an effective minimally invasive treatment with
reproducible results.

The Barcelona Clinic Liver Cancer (BCLC) staging
criteria are used in the established guidelines for prog-
nosis and therapy selection based on tumor stage,
liver function, disease-related symptoms and clinical
performance status. The EASL-EORTC guidelines (Eu-
ropean Organization for Research and Treatment of
Cancer) are based on the BCLC staging system and
were updated in 2018 [1]. Depending on tumor size,
state of health and liver function, five HCC stages with
different prognosis are defined for the further treat-

ment assignment. The state of health is based on
the ECOG classification (Eastern Cooperative Oncol-
ogy Group) and clinical symptoms. Liver function is
assessed by Child–Pugh class, bilirubin, albumin, clin-
ically relevant portal hypertension and ascites. Indi-
vidual tumors up to 2cm in size without vascular inva-
sion or satellite foci, generally good health (ECOG-0)
and well-preserved liver function are defined as very
early stage (BCLC 0). An early stage HCC (BCLC A) is
characterized by a single tumor with a size larger than
2cm or 3 HCC lesions up to a size of 3cm and ECOG-0
in combination with a preserved liver function. In-
termediate stage tumors (BCLC B) are characterized
as multinodular, asymptomatic with no vascular in-
vasion or extrahepatic spread. The advanced stage of
HCC (BCLC C) includes patients with cancer-related
symptoms (ECOG1–2), macrovascular invasion, or ex-
trahepatic spread. End-stage HCC are characterized
by very poor clinical performance status (ECOG 3–4).

RFA is recommended in the EASL-EORTC guideline
as a first-line treatment for patients with very early
HCC (BCLC 0, single HCC under 2cm). RFA is the
standard of care for patients with early HCC (BCLC A,
single tumor up to 5cm or 3 nodes up to 3cm in di-
ameter) who are not suitable for surgery.

In addition, the “Stage Migration Strategy” has been
included in the EASL guidelines. Based on the lo-
cal expertise and interdisciplinary discussion a stan-
dard treatment approach for a different stage may be
selected as the best option for first-line treatment.
Therefore, thermal ablation may also be used in se-
lected patients with intermediate stage HCC or with
lesions larger than 5 cm, if the available ablation and
guidance techniques allow for effective local tumor
control.

The recommendation is similar in the S3 guidelines
propagated in German-speaking countries, for HCC
patients with cirrhosis who are not subject to trans-
plantation [41]. Patients accessible to a potentially
curative approach are divided into 3 groups: patients
with 1 to 3 tumors with a size of less than 3cm; pa-
tients with 1 to 3 tumors between 3 and 5cm; patients
with a single tumor larger than 5cm. RFA or resection
should be performed in the first group with adequate
liver function and maximally moderate portal hyper-
tension. In the second group, an individual balance
between ablation and resection should be made. In
case of large tumors (>3cm), conventional RFA should
be combined with transarterial chemoembolization
(TACE) [42, 43] due to higher overall and relapse-free
survival rates as compared to RFA alone [44, 45].

According to the S3 guidelines resection is recom-
mended for patients with tumors larger than 5cm.

The individual decision should be based on techni-
cal feasibility and tumor size, as well as on the extent
of any portal hypertension, the remaining liver vol-
ume and the expected postoperative liver function.

In summary, percutaneous ablation techniques of-
fer a safe and feasible, potentially curative treatment
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for early stage HCC according to international guide-
lines. Technical skills, hardware requirements and
the combination of different treatment techniques de-
mand specialized interventional oncologic centers for
sophisticated planning, image guidance and image fu-
sion techniques to improve short- and long-term out-
come of HCC patients.

Take home message

Percutaneous ablation techniques offer a safe and clin-
ically feasible treatment option for primary liver tumors
and represent a standardized treatment regimen in in-
ternational guidelines for the treatment of very early and
early stage HCC.
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