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Simple Summary: The aim of this review is to evaluate the different approaches to early-stage
hepatocellular carcinoma according to Western and Eastern interventional radiology perspectives
based on the most recent literature. Understanding different perspectives and guidelines can help in
selecting the correct indication of locoregional procedures (mostly ablation, chemoembolization, and
radioembolization) for every patient.

Abstract: Hepatocellular carcinoma represents an important cause of death worldwide. Early-stage
hepatocellular carcinoma patients not suitable for surgery can be treated with a variety of minimally
invasive locoregional interventional oncology techniques. Various guidelines in different countries
address the treatment of hepatocellular carcinoma, but the actual treatment is usually discussed by a
multidisciplinary tumor board in a personalized manner, leading to potential treatment differences
based on Western and Eastern perspectives. The aim of this paper is to integrate literature evidence
with the eminent experiences collected during a focused session at the Mediterranean Interventional
Oncology (MIO) Live Congress 2023.

Keywords: hepatocellular carcinoma; interventional oncology; ablation; chemoembolization;
locoregional treatments; radioembolization

1. Introduction

Hepatocellular carcinoma (HCC) is a major cause of cancer death, with an increasing
incidence [1]. Interventional oncology techniques are minimally invasive procedures,
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providing lower-risk alternatives to many traditional surgical therapies [2]. There are
many locoregional minimally invasive treatment options, alone or in combination, that aim
to improve the clinical condition of patients, particularly early-stage HCC patients [3–5].
Early-stage HCC can be defined, according to the Barcelona Clinic Liver Cancer (BCLC)
group, as a single neoplastic nodule or up to three nodules smaller than 3 cm in size in a
patient with good performance status (BCLC-A) [5]. Despite various guidelines, the actual
treatment plan needs to be discussed with a local multidisciplinary tumor board with a
personalized approach. This can lead to potential treatment differences based on Western
and Eastern perspectives.

The aim of this paper is to integrate evidence-based literature and experience-based
perceptions on locoregional treatments for early-stage HCC—collected during a focused
session at the Mediterranean Interventional Oncology (MIO) Live Congress 2023—while at-
tempting to make the information easy to access. By highlighting recent data and strategies
for early-stage HCC locoregional treatment, it may assist both trainees in interventional
radiology and practicing colleagues who are attempting to gain further expertise with
locoregional procedures.

2. Local Ablation
2.1. Eastern Perspective

Local ablative treatments for early-stage HCC include radiofrequency ablation (RFA),
microwave ablation (MWA), and cryoablation [4,5]. In terms of clinical outcome, two
retrospective studies on RFA treatment of early-stage HCC with a mean lesion size of
2.2 cm (±0.8 cm) and 2.54 cm (±1.04 cm) showed 5-year overall survival of 59.7% and
60.2%, respectively [6,7]. These results are comparable to surgical resection, which achieves
about 60% 5-year survival in these patients [8]. On the other side, Lee et al. evaluated the
recurrence rates in 1491 BCLC-A HCC patients treated with RFA or surgery. Although the
cumulative incidences of HCC recurrence decreased over time in both groups of patients,
those treated with RFA had significantly higher incidences than those treated with resection;
this is particularly true in HCC lesions larger than 2 cm, mostly due to the heat-sink effect,
the difficult prediction of safety margins, and the difficult lesion location [9].

The Korean Liver Cancer Association (KLCA) and the National Cancer Center (NCC)
guidelines recommend RFA as the treatment of choice in patients with no more than
3 nodules up to 3 cm in size [10]. Single-probe ultrasound monopolar RFA is the most
common ablative treatment for HCC in the East, performed under ultrasound (US) or com-
puted tomography (CT) guidance. Image fusion systems, such as those used to coordinate
ultrasound and CT or MRI, have also been designed in recent years to increase the ability to
recognize lesions, especially those smaller than 2 cm, and the accuracy of the ablation [11].

RFA yields an ablation zone of about 3 cm in diameter (Figure 1).
To achieve an adequate safety margin in tumors larger than 2 cm, multiple overlapping

ablations can be required. More sophisticated RFA systems, employing multiple electrodes,
improve energy delivery to obtain larger ablation volumes; Choi et al. examined the
possibility of obtaining larger ablation volumes using a dual-switching probe instead
of a monopolar probe without significant results; in particular, although dual-switching
monopolar mode delivered higher ablation energy, it did not show better results than
single-switching monopolar mode in terms of effectiveness [12].

Another technique is “no-touch” RFA, where multiple electrodes (more than 2) are
placed outside the tumor margin, delivering heat to the target tumor in a centripetal
manner. Hocquelet et al. retrospectively compared “no-touch” bipolar/multipolar RFA
(238 patients) versus monopolar RFA (358 patients) for small HCCs and concluded that
“no-touch” bipolar/multipolar RFA provides better and sustained local tumor control
for small HCCs compared to monopolar RFA (treatment failure of 7.1% versus 28.7%,
respectively) [13]. In a recent multicenter trial in patients with single HCC up to 2.5 cm,
RFA using the “no-touch” technique obtained a 2-year local tumor progression (LTP) of
1.6%, as compared to approximately 12% after conventional RFA [14]. Another prospective
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randomized controlled trial by Suh et al., using twin internally cooled wet electrodes in
the “no-touch” technique, obtained a 1- and 3-year cumulative incidence LTP rate of 0%
in the no-touch-RFA group, compared with the 15.6% and 24.5% of conventional RFA,
respectively [15].

In conclusion, RFA is a safe and effective local treatment for early-stage HCC. RFA with
multiple electrodes and “no-touch” RFA improves the therapeutic efficacy of RFA [13,14].
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Figure 1. (A) Contrast-enhanced axial MRI showing a 2.5 × 2 cm HCC lesion in the IV hepatic 
segment (arrow). (B) CT-guided RFA was performed with one electrode. (C) Immediate post-
procedural contrast-enhanced CT examination showing the ablation area without complications. 
(D) Post-treatment axial MRI showing complete response (arrow). 
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Figure 1. (A) Contrast-enhanced axial MRI showing a 2.5 × 2 cm HCC lesion in the IV hepatic
segment (arrow). (B) CT-guided RFA was performed with one electrode. (C) Immediate post-
procedural contrast-enhanced CT examination showing the ablation area without complications.
(D) Post-treatment axial MRI showing complete response (arrow).

2.2. Western Perspective

The toolbox of ablative interventional oncology techniques includes RFA, MWA,
cryoablation, and irreversible electroporation (IRE) [16]. According to the BCLC guidelines,
ablation is regarded as the first-line treatment in very early-stage HCC (BCLC-0, single
lesion up to 2 cm in size, with preserved liver function and performance status (PS) equal
to 0) [5].

Patients in the early BCLC stage (BCLC-A), unsuitable for surgery or transplantation,
can benefit from ablative treatments; in addition, ablation can be a bridging treatment to
transplantation. Ablation is considered a minimally invasive alternative for single tumors
up to 3 cm in size. MWA achieves a larger ablation volume per probe. Therefore, MWA
represents the preferred ablative technique for single HCCs larger than 2 cm [17,18].

A stereotactic multi-needle ablation workflow including 3D-planning, precise needle
placement, and intraprocedural verification of the ablation volume by means of image
fusion was developed by Bale et al. [19–21]. To obtain large ablation volumes and to achieve
sufficient safety margins, multiple coaxial needles are placed within and around the target
lesions using an optical navigation system combined with an aiming device. The coaxial
needles act as spacers for the introduction of up to three RFA/MWA/IRE/cryoablation
probes [19].
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Bale et al. treated 188 HCCs with a median tumor size of 2.5 cm (range 1–8 cm)
in 96 patients as a bridging treatment to liver transplantation using stereotactic RFA. In
183/188 nodules (93.7%), a complete histopathological response was achieved; in lesions
larger than 3 cm in size, the histopathological complete response rate was 96.2% (50/52 nod-
ules). Median overall survival (OS) was 90 months for BCLC-0 HCC (68% 5-year OS) and
65 months for BCLC-A HCC (55% 5-year OS) [22].

In another study, 34 patients with HCC and previous surgical resection were treated
by stereotactic RFA for 140 recurrent HCCs (Figure 2).
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Figure 2. A 73-year-old male with cirrhosis and histologically verified multifocal HCC (segments II, 
III, Iva, and IVb) with a maximum diameter of 10.4 cm. Previous TACE treatment with a partial 
response. Due to portal hypertension and a hepatic venous pressure gradient (HVPG) of 10 mmHg, 
the patient was deemed unsuitable for surgical resection. (A–C) Pre-stereotactic RFA axial contrast-
enhanced CT scans showing the large multifocal HCC (white arrows). (D–F) Post-treatment 
contrast-enhanced axial CT scans show a good ablation zone. 14 coaxial needles were used, for a 
total of 33 RFA probe positionings and an ablation time of 132 min (4 min per probe position). 

The median tumor size was 3.0 cm (range 0.5–10 cm). Local tumor recurrence was 
observed in 4/140 tumors (2.9%). The median OS from the date of the first stereotactic RFA 

Figure 2. A 73-year-old male with cirrhosis and histologically verified multifocal HCC (segments II, III,
Iva, and IVb) with a maximum diameter of 10.4 cm. Previous TACE treatment with a partial response.
Due to portal hypertension and a hepatic venous pressure gradient (HVPG) of 10 mmHg, the patient
was deemed unsuitable for surgical resection. (A–C) Pre-stereotactic RFA axial contrast-enhanced CT
scans showing the large multifocal HCC (white arrows). (D–F) Post-treatment contrast-enhanced
axial CT scans show a good ablation zone. 14 coaxial needles were used, for a total of 33 RFA probe
positionings and an ablation time of 132 min (4 min per probe position).

The median tumor size was 3.0 cm (range 0.5–10 cm). Local tumor recurrence was
observed in 4/140 tumors (2.9%). The median OS from the date of the first stereotactic RFA
was 69.1 months. The corresponding OS rates at 1, 3, and 5 years were 94.0%, 70.2%, and
53.3%, respectively [23].

Ablative treatments are not routinely recommended in BCLC-B HCCs, which usually
undergo transarterial chemoembolization (TACE); however, if there are favorable condi-
tions and the multidisciplinary tumor board team agrees, a more aggressive treatment like
surgical resection or thermal ablation (the so-called “right-to-left migration strategy”) on
intermediate-stage HCC patients is considered, with good results in terms of OS [24].

Adjuvant therapies in addition to percutaneous locoregional treatments can be of great
help in improving the time-to-recurrence, as in the case of the anti-angiogenic chemotherapy
drug Sorafenib—even though literature results are contrasting—or in the case of sartan
drugs, as evidenced by Facciorusso et al. [25–27].

In conclusion, RFA represents the standard of care in patients with BCLC-0 and -A
stage HCC and a possible alternative to surgical resection in single tumors up to 3 cm in
size. Furthermore, RFA may be used as a bridging and downstaging agent before liver
transplantation. MWA achieves larger ablation zones as compared to RFA and may be
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the preferred ablation method for lesions larger than 2 cm [5]. In addition, according to a
meta-analysis by Facciorusso and colleagues, MWA seems to grant better long-term (5-year)
recurrence-free survival when compared to RFA [28]. Ablation may also be applied in
intermediate HCC (“right-to-left migration strategy”), based on multidisciplinary tumor
board decisions. Multi-probe stereotactic-RFA with intraoperative image fusion can be
used to treat neoplastic lesions with no limit in size and number (care must be taken in the
case of lesions near central biliary structures or in the case of low residual liver volume)
and could replace resection as a first-line local curative treatment even in lesions larger
than 3 cm (“left-to-right migration”) [29].

3. TACE
3.1. Eastern Perspective

Trans-arterial therapies still represent the most commonly used approach to HCC, and
conventional TACE (cTACE) is the most widely used. According to most Asian guidelines,
in cases of intermediate HCC without significant vascular invasion or extrahepatic dissemi-
nation, TACE is the recommended course of therapy [30]. The main reasons are related to
the possible presence of additional HCC nodules requiring diagnostic angiography (28%),
difficult or complex anatomical tumor location (17%), high surgical risk (12%), patient’s
refusal to surgery or ablation (10%), and risk of post-treatment liver failure [31].

Oh et al. compared curative approaches (resection and RFA) and TACE in patients
with multiple small (<3 cm) HCCs within Milan criteria and found no statistical difference
in long-term survival rates [32]. In contrast, another study by Lee et al. evaluated the
combined use of RFA and cTACE versus exclusive treatment with cTACE in 165 patients
with stage A HCC in terms of LTP and OS: the cTACE group showed higher 1-, 3-, and
5-year LTP rates than the combined group (12.5%, 31.7%, and 37.0%, respectively, in the
cTACE group, vs. 7.3%, 16.5%, and 16.5%, respectively, in the combined group; p = 0.013).
About the OS, in the cTACE group, the 1-, 3-, and 5-year OS rates were 100%, 93.2%, and
87.7%, respectively, whereas in the combination group, they were 100%, 96.6%, and 87.4%,
respectively (p = 0.686) [33].

Treatment of HCC nodules can be performed with a segmental or superselective
approach through the tumor-feeding artery. A superselective approach can optimize
the therapeutic effect by reducing the damage to the surrounding non-neoplastic liver,
the amount of drug administered, and the number of TACE sessions needed to induce
widespread lesion necrosis [34].

Lee et al. showed that superselective subsegmental TACE can be performed using
cone-beam CT (CBCT) without additional angiography in 85% of patients and in 90% of
nodules [35].

The mechanism through which TACE reaches its therapeutic effect is both ischemic
and cytotoxic, by infusing a Lipiodol-based emulsion (cTACE) or drug-eluting beads (DEB-
TACE). DEB-TACE has better pharmacokinetic effects than cTACE without a significant
difference in therapeutic outcomes. It is thought that the advantage of drug-eluting beads is
that they reduce the diffusion of the drug to the periphery, improving the local anti-tumor
effect of the chemotherapeutic [36].

A prospective multicenter study by Lee et al. on DEB-TACE found that the median
progression-free survival (PFS) was 9.3 months; in a “per-lesion” analysis, nodules between
2 and 5 cm got better results than those smaller than 2 cm [34]. A retrospective study
comparing superselective DEB-TACE and cTACE showed that cTACE had significantly
better PFS in lesions smaller than 3 cm, whereas local DEB-TACE tumor control was better
in lesions ranging from 2.1 to 5 cm [37]. A known problem of cTACE is the refractori-
ness of patients with HCC after multiple treatments. Li et al. retrospectively evaluated
progression-free survival (PFS) in 81 patients with a history of previous cTACE treatments
who underwent a subsequent cTACE or DEB-TACE session; they found a better objective
response rate, PFS rate, and OS rate in the group undergoing DEB-TACE (respectively
p = 0.003, p = 0.028, and p = 0.037) [38].
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3.2. Western Perspective

The 2009 PRECISION-V randomized study stated that Child-Pugh class-B HCC pa-
tients with reduced performance status, as well as patients with bilobar HCC, would
benefit from DEB-TACE both clinically and at imaging follow-up [39]. These results of
DEB-TACE were confirmed by various Authors, with more than 41% 4-year OS, greater
than cTACE [37,40].

In summary, DEB-TACE is non-inferior to cTACE in terms of patient survival, has
fewer side effects, and grants a shorter hospital stay compared to cTACE [41].

Nowadays, TACE is still considered a standard of care in intermediate stage (BCLC-B)
HCC patients (Figure 3) and represents a bridging therapy in patients on the liver transplant
list as well as a valuable downstaging tool; TACE could also be performed in early stage
(BCLC-A) HCC patients deemed not eligible for ablation, resection, or transplantation, as
well as in selected advanced stage (BCLC-C) patients—despite guidelines [42–45].
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Figure 3. (A,B) Axial and coronal contrast-enhanced MRI images showing a 9 cm dishomogenously
hypointense lesion in the right hepatic lobe in a BCLC-B patient. (C) Pre-treatment diagnostic
angiography showing tumor-feeding arteries. (D) CBCT coronal VR reconstruction showing target
volume and color-coded tumor-feeding arteries. (E,F) Axial and coronal contrast-enhanced MRI
images showing 3-month post-DEB-TACE results with great tumor necrosis.

Going beyond guidelines, TACE can be combined with systemic therapies, as demon-
strated by a phase II multicenter randomized trial from Japan on the combination of TACE
plus Sorafenib (a tyrosine kinase inhibitor) versus TACE alone in patients with HCC,
which showed a significant increase in PFS rates (even though without an increase in
OS rates) [46].

The combination of TACE and immunotherapy represents a promising research area:
immunotherapy can increase the effects of locoregional therapy in HCC, as locoregional
therapies produce an immune response that can be augmented via immune checkpoint
inhibition [47].

4. TARE
4.1. Eastern Perspective

TARE has excellent outcomes for patients in the BCLC-A stage. However, the indica-
tion is often limited due to high costs. It can be used in cases of unresectable lesions, heavy
comorbidities, or a patient’s rejection of surgery [48].

Asian guidelines concerning TARE are less standardized than Western ones [49].
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Yim et al. have assessed the OS (18.6 months) and tumor response (45%, 40% in
BCLC C) in 149 patients with different HCC stages who underwent TARE, with results
overlapping with those of similar Western studies [50].

Radiation segmentectomy works very well for lesions smaller than 8 cm in peripheral
locations, using high radiation activity with low disease recurrence rates. TARE may
replace portal vein embolization (PVE), as it stimulates healthy liver growth; moreover, it
offers the possibility to control the tumor during transplant-list waiting time, but with a
long hypertrophy time (about 3 months) [51].

4.2. Western Perspective

TARE is an effective treatment for early-stage HCC, with a long-lasting complete
response and high overall survival. According to the 2022 BCLC criteria, TARE can be
performed on patients with single HCCs up to 8 cm in size [5]. In the LEGACY study
by Salem et al., 162 patients with single HCCs up to 8 cm in size were treated with
radioembolization [52]. Even though the majority of the patients had a nodule smaller than
3 cm in size and the responses were not stratified according to tumor size, the results were
interesting, with a high objective response rate (88%) and similar OS rates between TARE
and surgical resection. According to Salem et al., radiation segmentectomy can achieve
100% complete pathological necrosis. Other studies showed that segmental TARE is better
than segmental TACE at achieving a complete and durable response [53].

Beyond guidelines, in cases of solitary unresectable HCC suitable for TARE, it is
necessary to classify the patients based on tumor size to choose the best treatment, also con-
sidering the costs of each treatment and the corresponding result: for lesions smaller than
3 cm, ablation represents the first option; for lesions between 3 and 5 cm, literature supports
the use of surgery or combined treatment (TACE plus ablation), whereas TARE represents
an effective therapeutic option for unresectable single lesions larger than 5 cm. Both TACE
and TARE can be considered bridge or downstaging therapies for liver transplantation
(Figure 4) [54].

Cancers 2023, 15, x FOR PEER REVIEW 8 of 11 
 

 

 
Figure 4. (A) Contrast-enhanced axial CT examination showing a 5 cm HCC lesion in the IV hepatic 
segment. (B) Angiography examination showing tumor staining of the HCC lesion prior to TARE. 
(C) Post-treatment contrast-enhanced axial CT examination showing the complete necrosis of the 
HCC lesion. 

In the case of multifocal early-stage HCC, it is important to consider lesion 
distribution: TARE is effective if the disease is spread in one or two contiguous segments. 
In the case of lesions in non-adjacent segments or in different lobes, TACE or ablation (or 
a combination of both) should be preferred. 

TARE’s disadvantages are its higher costs and procedural complexity compared to 
other locoregional procedures [55]. Many efforts have been made to reduce the costs and 
complexity of TARE, for example, by skipping the macroaggregated albumin (MAA) scan 
and using CBCT as a surrogate to assess selective tumor uptake and exclude extrahepatic 
uptake [56]. 

5. Conclusions 
The best approach for patients with early HCC is still debatable as it is based on 

tumor characteristics, liver function, performance status, patient comorbidities, center and 
operator skills and experience, as well as device availability. Innovation in diagnostic and 
surveillance technology, improvements in locoregional treatment modalities, the 
application of combined therapies, and expanded indications for standard procedures 
hold promise for improving outcomes for HCC. Treatment selection can also be 
influenced by cultural and socioeconomic differences, with different Western and Eastern 
perspectives. 

In the 2022 BCLC strategy, the expert clinical decision-making approach is the only 
one formally permitting tailored treatment based on not only patient and tumor 
characteristics but also local expertise and technical availability. A personalized 
multidisciplinary discussion for every single patient and every single HCC lesion can help 
in finding the most suitable treatment for each case [5]. 

Author Contributions: Conceptualization, R.I. and M.P.; methodology, R.I., A.P. and A.C.; 
resources, R.I., A.P., A.C., A.T. and L.T.; writing—original draft preparation, A.P., A.C., A.T. and 
L.T.; writing—review and editing, R.I., R.B., S.N.G., T.J. and I.B.; visualization, R.I., I.J.L., R.B., F.G., 
S.N.G., T.J., M.P. and I.B.; supervision, A.G., E.S. and H.-C.K.; project administration, R.I. and E.S. 
All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Conflicts of Interest: The authors declare no conflict of interest. 

Figure 4. (A) Contrast-enhanced axial CT examination showing a 5 cm HCC lesion in the IV hepatic
segment. (B) Angiography examination showing tumor staining of the HCC lesion prior to TARE.
(C) Post-treatment contrast-enhanced axial CT examination showing the complete necrosis of the
HCC lesion.

In the case of multifocal early-stage HCC, it is important to consider lesion distribution:
TARE is effective if the disease is spread in one or two contiguous segments. In the case of
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lesions in non-adjacent segments or in different lobes, TACE or ablation (or a combination
of both) should be preferred.

TARE’s disadvantages are its higher costs and procedural complexity compared to
other locoregional procedures [55]. Many efforts have been made to reduce the costs and
complexity of TARE, for example, by skipping the macroaggregated albumin (MAA) scan
and using CBCT as a surrogate to assess selective tumor uptake and exclude extrahep-
atic uptake [56].

5. Conclusions

The best approach for patients with early HCC is still debatable as it is based on
tumor characteristics, liver function, performance status, patient comorbidities, center and
operator skills and experience, as well as device availability. Innovation in diagnostic and
surveillance technology, improvements in locoregional treatment modalities, the appli-
cation of combined therapies, and expanded indications for standard procedures hold
promise for improving outcomes for HCC. Treatment selection can also be influenced by
cultural and socioeconomic differences, with different Western and Eastern perspectives.

In the 2022 BCLC strategy, the expert clinical decision-making approach is the only
one formally permitting tailored treatment based on not only patient and tumor character-
istics but also local expertise and technical availability. A personalized multidisciplinary
discussion for every single patient and every single HCC lesion can help in finding the
most suitable treatment for each case [5].

Author Contributions: Conceptualization, R.I. and M.P.; methodology, R.I., A.P. and A.C.; re-
sources, R.I., A.P., A.C., A.T. and L.T.; writing—original draft preparation, A.P., A.C., A.T. and L.T.;
writing—review and editing, R.I., R.B., S.N.G., T.J. and I.B.; visualization, R.I., I.J.L., R.B., F.G., S.N.G.,
T.J., M.P. and I.B.; supervision, A.G., E.S. and H.-C.K.; project administration, R.I. and E.S. All authors
have read and agreed to the published version of the manuscript.
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