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Anatomical ablation for small hepatocellular
carcinomas using multiple applicators:
a preliminary study
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Abstract

Background Anatomical ablation, defined as thermal ablation of tumor-bearing small portal territories, may provide
excellent local tumor control in peripherally-located small hepatocellular carcinomas (HCC), which has been a major
concern with percutaneous ablation alone.

Purpose To evaluate the technical feasibility and therapeutic outcomes of anatomical ablation using multiple
radiofrequency (RF) applicators for the ablation of tumor-bearing small portal territories of peripherally-located small
(4 cm) HCCs.

Materials and methods Patients with peripherally-located single HCCs (<4 cm) to be treated with anatomical
ablation using multiple RF applicators between January 2020 and March 2022 were enrolled in this prospective study.
Anatomical ablation was performed for the index tumor under real-time US-CT/MR fusion imaging guidance, with
one or two clustered electrode needles placed across the tumor-bearing portal vein branches. Technical success and
complications of anatomical ablations were assessed. Cumulative incidence of local tumor progression (LTP) and
recurrence-free survival were estimated using the Kaplan—Meier method.

Results Fifty-five HCCs (mean size, 1.77+0.59 cm) in 55 participants (mean age, 66.4 +7.7 years; 39 men, 16 women)
were treated with anatomical ablation; 98.2% (54/55) technical success was achieved. No major complications

were noted. Among the 55 participants, LTP occurred in only one patient who had experienced technical failure

of anatomical ablation. Estimated 1- and 2-year cumulative incidences of LTP were 0% and 3.7%, respectively. Five
patients developed intrahepatic remote recurrence during the median follow-up period of 19.2 months (range,
3.7-28.8 months); therefore, estimated 1- and 2-year recurrence-free survival was 91.7% and 85.0%, respectively.

Conclusion Anatomical ablation using multiple RF applicators provided the excellent results of local tumor control in
patients with peripherally-located small (<4 cm) HCCs.

Trial registration clinicaltrial.gov identifier: NCT05397860.
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Introduction

Hepatocellular carcinoma (HCC) is one of the lead-
ing causes of cancer-related death worldwide [1]. Until
now, image-guided radiofrequency ablation (RFA) or
microwave ablation (MWA) has been widely accepted to
be an effective curative treatment option for early stage
HCCs smaller than 3 cm in diameter and is suggested
in guidelines proposed by several of the major interna-
tional societies [2—4, 52]. Nonetheless, the results of per-
cutaneous ablation remains unsatisfactory compared to
those of surgical resection particularly in terms of local
tumor progression (LTP) [4—8], which is one of the most
important independent factors for recurrence free sur-
vival and overall survival after ablation [7]. With sev-
eral studies reporting that the development of LTP after
ablation is affected by the size of the ablative margin, a
0.5-1.0 cm ablative margin has generally been pursued
for liver tumor ablation [9-12]. Recent studies have also
demonstrated that the creation of a large ablative margin
greater than 1.0 cm using MWA may help further reduce
LTP [13, 14]. Regardless of the ablative margin, however,
it is generally accepted that percutaneous ablation using
the conventional tumor puncture technique has inherent
limitations in controlling microscopic metastases origi-
nating from the primary tumor through microscopic vas-
cular invasion compared with surgical resection [15, 16].
Indeed, in a previous study of 149 resected specimens in
patients with small HCCs (<3 cm), 9.5% of HCCs were
shown to have satellite lesions located 0.5-1.0 cm from
the main tumor, and 3% within 1.0-2.0 cm [17]. In addi-
tion, microvascular invasion of the portal vein was found
in up to 33.3% of cases when the HCC was between 2 and
3 cm in size [17, 18].

Recently, based on previous studies on hepatic angiog-
raphy which have demonstrated that the drainage veins
of progressive HCCs are the portal venules rather than
hepatic veins, and that HCC tends to metastasize through
the portal vein, often manifesting as satellite nodules
within the venous drainage area of the primary tumor
[19, 20], it has been hypothesized that early blockage of
the draining portal vein during ablation or resection of
the hepatic parenchyma of the tumor-bearing segment
fed by the portal branches could be considered a logical
method of eliminating potential intrahepatic metastases
[21]. Indeed, surgical studies have already demonstrated
that systematic removal of tumor-bearing portal ter-
ritories could reduce the risk of tumor recurrence and
improve patient survival, correlating with decreased
local recurrence [22-26]. Thus, with new technologi-
cal developments in ablation equipment and guiding
modalities, including a third generation microwave sys-
tem, high powered multi-channel RF generators, multi-
bipolar or separable clustered electrodes, and real-time
US-multimodality fusion imaging [26, 27] which can be
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applied for anatomical ablation similar to subsegmental
anatomical resection [25, 26], we hypothesized that with
multiple applicators and a high powered (~400 W) multi-
channel generator, one applicator can be used to ablate
tertiary or 4th portal vein branches near the index tumor,
and the other applicators can be used to ablate the index
tumor and surrounding parenchyma with more effective
RF or MW energy delivery. In addition, a recently pub-
lished retrospective study demonstrated that anatomical
thermal ablation could be a favorable ablation strategy to
treat HCC compared with routine thermal ablation [28].

Therefore, this study aimed to prospectively investigate
the technical feasibility and therapeutic outcomes of ana-
tomical ablation using multiple RF applicators to ablate
tumor-bearing small portal territories of peripherally-
located small (£4 ¢cm) HCCs so as to reduce local tumor
progression after ablation.

Materials and methods

Compliance with ethical standards

This single-center, prospective study was approved by
the Institutional Review Board of Seoul National Uni-
versity Hospital (IRB No. H-1909-086-1064) and written
informed consents were obtained from all enrolled par-
ticipants (clinicaltrial.gov identifier: NCT05397860).

Study population

This single-center, single-arm, prospective interventional
study evaluated participants with small nodular HCCs
(£4 cm) between January 2020 to March 2022 for poten-
tial enrollment in the study. The inclusion criteria were as
follows: (a) contrast-enhanced CT or MRI within 60 days
prior to RFA; (b) single HCCs, 1.0-4.0 cm; (c) Child-
Pugh class A or B liver function; and (d) age, 20—85 years.
The exclusion criteria for this study were as follows: (a)
two or more tumors; (b) largest tumor size>4 cm; (c)
tumors with macrovascular invasion and/or distant
metastasis; (d) a platelet count of less than 50,000 mm?,
or international normalized ratio greater than 1.5 (pro-
thrombin time>1.5 times normal); or (e) Child—Pugh
class C.

Ablation procedures

For the diagnosis of HCCs, noninvasive imaging crite-
ria according to the Korean Liver Cancer Association-
National Cancer Center Korea guidelines [29] were used.
Regarding anatomical ablation, 4th or 5th portal vein
branches near the tumor to be included in the ablation
zone were identified using preprocedural multiphasic
liver CT or gadoxetic acid-enhanced liver MRI. All abla-
tion procedures were performed percutaneously under
conscious sedation by a single attending radiologist with
26 years of experience and a resident or a clinical fel-
low. Real-time multimodal US fusion imaging (RS 85,
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Samsung Medison) was used as the guidance modality.
Among the 55 patients, SonoVue (Bracco, Milan, Italy)
and/or Sonazoid (GE Healthcare, Milwaukee, Wis, USA)
were used in 50 patients to help with accurate tumor
localization and ablation procedure guidance. A sepa-
rable clustered electrode with three electrodes (Octopus
RF electrode; STARmed) and a multichannel RF gen-
erator (VIVA RF System; STARmed) with a maximum
power of 400 W (2 amps of 200 W) were used. All HCCs
located in the peripheral portion of the liver (within 5 cm
of the capsule) were treated using anatomical ablation. In
addition, depending on the presence of sufficient peritu-
moral liver tissue for placement of the electrodes or the
availability of a safe access route for multiple electrode
insertions required for no-touch ablation, the operator
chose between no-touch ablation or conventional tumor
puncture ablation. The technical success of anatomical
ablation, defined as the combined ablation of the index
tumor and a sufficient safety margin (>5 mm) was then
recorded.

Anatomical ablation. —The number and active nee-
dle tip length of the electrode were chosen based on the
tumor size, as described in our previous study [30]. When
the tumor size was <1.5 cm, two or three electrodes with
2-cm active tips were selected, whereas for 1.5-4.0 cm-
sized tumors, three electrodes with 2.5- or 3-cm active
tips were used. For anatomical ablation, one or two elec-
trodes were placed across the 4th or 5th subsegmental
branches of the portal vein<2 mm near the index tumor
(Fig. 1). The target portal vein branch was determined by
referring to the CT or MR images from multimodal US
fusion imaging and color/power Doppler or microvas-
cular flow images or contrast-enhanced US (CEUS) [31].
The other electrodes were placed either within the tumor
(conventional tumor puncture technique) or peritumoral
zone (no-touch technique) depending on the technique
used. When there was sufficient peritumoral liver paren-
chyma and a safe access route, the no-touch technique
was preferentially applied [30]. For no-touch ablation, all
electrodes were inserted outside the target tumor under
real-time fusion US-MR/CT guidance, as described pre-
viously [30, 32]. When there was no safe access route for
the insertion of multiple electrodes, we used the conven-
tional tumor puncture method, and the electrodes were
inserted in the central portion of the tumor [33]. Inter-
electrode distance was adjusted according to the target
tumor size and was maintained at 2-3 cm. After inser-
tion of the electrodes, RF energy was delivered to two of
the three electrodes simultaneously using an automatic
gradual incremental technique from 60 to 200 W for
8-12 min. Ablation time was adjusted according to the
tumor size and number of inserted electrodes. There-
after, creation of an echogenic complex was carefully
monitored under real-time fusion US-MR/CT guidance.
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When the operator determined that the echogenic com-
plex showed an insufficient safety margin (<5 mm)
around an electronic “virtual” target of real-time fusion
US-MR/CT after the initial ablation, repositioning of
the electrode was performed to obtain a sufficient safety
margin [34].

Immediately after ablation, contrast-enhanced liver
CT was performed in all participants to assess the tech-
nical success of anatomical ablation and to detect any
potential complications related to the ablation proce-
dures, such as bleeding. Technical success of anatomical
ablation was defined as combined ablation of an index
tumor with a sufficient safety margin (>5 mm) around
the tumor as well as obliteration of the adjacent portal
vein 4th branches. If a residual tumor was to be identi-
fied on immediate CT scans, additional ablation was to
be performed to achieve technical success. However,
once complete ablation of the target tumor was attained,
additional ablations were not to be performed, regard-
less of whether obliteration of the adjacent portal vein
4th branches was securely obtained. The development of
post-ablation complications as well as the duration of the
hospital stay were also evaluated through a review of the
medical records and imaging studies. Post-ablation com-
plications were graded according to Clavien-Dindo clas-
sification [35]. Complications of grade Illa or higher were
considered as major complications and the rest were con-
sidered as minor complications.

Technique efficacy, local control, and progression
assessment

For each patient, the first follow-up contrast-enhanced
CT or MRI with alpha-fetoprotein serum test was under-
taken after 1 month. We defined technique efficacy as
complete ablation of the index tumor. Patients with com-
plete ablation of the index tumor at the 1-month follow-
up imaging were followed up with contrast-enhanced CT
or MRI and serum alpha-fetoprotein every 3 months. The
primary efficacy rate refers to the percentage of target
tumors successfully ablated following the initial ablation,
whereas the secondary efficacy rate refers to the percent-
age of index tumors finally eradicated with repeated abla-
tion. Local control is equivalent to secondary technique
efficacy, with the exception of repeated treatments using
alternative methods such as transarterial chemoembo-
lization [36]. Patients with successful treatments were
followed with contrast-enhanced CT or MRI and serum
alpha-fetoprotein every 3 months thereafter. HCC recur-
rence after ablation was categorized into three groups: (a)
local tumor progression (LTP), defined as the appearance
of tumor foci at the margin of the ablation zone after the
attainment of treatment success; (b) intrahepatic remote
recurrence, defined as the presence of HCC in the liver at
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Fig. 1 Schematic illustration of anatomical ablation. (@) One applicator is placed across the tumor-bearing 5th portal vein branch. The other applicators
are placed peritumoral zone. (b) The ablation zone covers all the tumor-bearing portal vein territory with a sufficient safety margin. (c) Small satellite
nodules or microvascular invasion are located along the portal vein branches that drain from the primary tumor. (d) Anatomical ablation might effectively
remove both the primary tumor and those satellite nodules or microvascular invasion
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55 patients with single HCCs (<4cm) with plan to cone-unit RFA between
January 2020 to March 2022
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Fig. 2 Flow diagram of included patients

Table 1 Participants Characteristics

Characteristic Data

Age (y) 664+7.7
Sex

No. of men 39 (70.9)
No. of women 16 (29.1)
Underlying liver disease

Hepatitis B virus 43(78.2)
Hepatitis C virus 6(10.9)
Alcohol 6(10.9)
Child-Pugh class

A 55(100)

B 0(0)
Tumor size (cm) 1.77+0.59
AFP (ng/mL) 58242390
Tumor location

Right anterior section 18(32.7)
Right posterior section 25 (45.5)
Left medial section 2(3.6)

Left lateral section 10(18.2)
Ablation zone size (cm) 534+0.95

Note.—Data are mean*standard deviation or n (%)

a site discontinuous to the ablation zone; and (c) extrahe-
patic metastasis [11].

Statistical analysis

The cumulative incidence of LTDP, intrahepatic remote
recurrence, and recurrence-free survival were estimated
using the Kaplan—Meier method. All statistical analyses
were performed using MedCalc software (MedCalc ver-
sion 20.0.23; MedCalc Software, Mariakerke, Belgium).

Results

A total of 55 patients were enrolled in this study (Fig. 2).
No-touch ablation which refers to ablation without
violating the tumor was performed in 29 participants
(52.7%) and tumor puncture ablation was performed in
26 participants (47.3%). The mean tumor diameter was
1.77£0.59 cm. The baseline characteristics of partici-
pants are summarized in Table 1.

Technical success of anatomical ablation and post-ablation
complications

Anatomical ablation was performed with a success rate
of 98.2% (54/55) (Figs. 2 and 3). In the case of technical
failure of anatomical ablation, ablation of a subsegmental
portal vein branch located near the medial border of the
index tumor had failed (Fig. 4). Mean ablation time per
procedure was 9.29+3.63 min; mean ablation diameter
was 5.34£0.95 cm. All patients (n=55) showed complete
ablation of the index tumor on immediate CT scans. No
patient underwent repeated ablation.

Among the 55 patients treated by anatomical ablation,
three patients experienced minor complications (5.5%,
3/55): grade I (fever, n=3). No major complications or
procedure-related deaths occurred. Moreover, no cases
were observed in which thrombosis extended from the
targeted portal vein 4th branch to the proximal portal
vein or led to liver failure due to large portal vein throm-
bosis. Mean hospital stay was 1.3+1.2 days (range, 1-8
days).

Technique efficacy and recurrence outcomes: LTP and
recurrence-free survival

All participants attained complete ablation of the index
tumor as evaluated at the 1-month follow-up CT or MRI
(primary efficacy, 100% [55/55]).

During a median follow-up of 19.2 months (range, 3.7—
28.8 months), LTP occurred in one of the 55 participants,
and the recurrent tumor was treated using transarterial
chemoembolization. In the participant with LTP, both
anatomical ablation and no-touch ablation had failed,
and an enhancing tumor occurred at the subsegmental
portal vein branch where the ablation had failed (Fig. 4).
In contrast, in all cases in which anatomical ablation was
successfully performed, there were no incidences of LTP
or intrasegmental recurrence. According to the inten-
tion-to-treat analysis, the estimated cumulative incidence
of LTP in anatomical ablation with or without technical
success at 1 and 2 years was 0% and 3.7%, respectively
(Fig. 5).

The estimated cumulative incidence of intrahepatic
remote recurrence after anatomical ablation at 2 years
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Fig. 3 Anatomical radiofrequency ablation in a 70-year-old woman with a 2.0-cm hepatocellular carcinoma (HCC) and hepatitis B-related cirrhosis. (A)
Hepatobiliary phase image of gadoxetic acid-enhanced MRI shows a 2.0-cm low signal intensity HCC in segment VI of the liver. Two tumor-bearing portal
vein 4th branches are noted (arrows). (B) Contrast-enhanced ultrasound (Sonazoid) images well visualize the tumor (large arrows) and tumor-bearing
portal vein branches (small arrows). (C) Real-time US-MR fusion image shows the low echoic target tumor (large arrow) and electrode placed across the
tumor-bearing portal vein branches (small arrows). (D) Portal venous phase coronal image of immediate CT scan shows complete ablation of the target
tumor and tumor-bearing portal vein branches with a sufficient safety margin (>5 mm). (E) No local tumor progression was observed at 21-month

follow-up CT.

was 11.3%. Additionally, there were no cases of extra-
hepatic metastasis or intrasegmental recurrence in the
tumor-bearing segment after anatomical ablation dur-
ing the follow-up period. The estimated recurrence-free
survival rates at 1 and 2 years following anatomical abla-
tion were 91.7% and 85.0%, respectively (Fig. 5). Regard-
ing participants in whom technical success of anatomical
ablation was achieved (n=54), the estimated recurrence-
free survival rates at 1 and 2 years were 91.5% and 88.4%,
respectively.

Discussion

In this prospective study, we assessed the feasibility and
treatment outcomes of real-time fusion imaging-guided
anatomical ablation of the portal territories of peripher-
ally located small HCCs smaller than 4 cm using multiple
applicators. Percutaneous ablation was conducted using
a multichannel RF generator and separable clustered
electrodes in dual-switching monopolar mode up to
400 W in maximum under real-time US-CT/MR fusion
imaging guidance. We had hypothesized that, if techni-
cally successful, local tumor control may be improved as
early blockage of the draining portal vein branches near
the index tumor and ablation of the tumor-bearing sub-
segments would help to limit intrahepatic metastases.
Indeed, out of 55 participants, all but one patient was
able to achieve technical success in anatomical ablation,

and none of the participants demonstrated LTP or
intrasegmental recurrence after a mean follow-up of 21
months. In fact, the only case of LTP in our study had
occurred in the sole case of technical failure, at the rem-
nant subsegmental portal vein branch which was unable
to be ablated. Thus, the estimated 1- and 2-year cumu-
lative incidence of LTP was shown to be 0% and 3.7%,
respectively. According to a recently published retrospec-
tive study [28], the anatomical ablation group exhibited a
3-year LTP rate of 0%. However, the study did not provide
specific information on the success rate of anatomical
ablation, including complete ablation of tumor-bearing
portal vein branches. It is conceivable that in the anatom-
ical ablation group, portal vein branch ablation was suc-
cessful in all patients, resulting in a lack of LTP cases. In
parallel, our study also demonstrated a lack of LTP cases
when anatomical ablation was successful, implying com-
parable outcomes. Previous studies had demonstrated
that local control of the tumor after ablation therapy or
transarterial chemoembolization is the key to prolonging
the prognosis of patients with HCC [37, 38]. Therefore,
we believe that with the excellent results of local tumor
control or intrasegmental recurrence achieved after ana-
tomical ablation, this technique may hold great promise
in the management of patients with very early or early
stage HCCs.



Kim et al. Cancer Imaging (2023) 23:78 Page 7 of 10

Fig. 4 Technical failure of anatomical radiofrequency ablation in a 60-year-old man with a 2.0-cm hepatocellular carcinoma (HCC) and hepatitis B-related
cirrhosis. (A) Hepatobiliary phase image of gadoxetic acid enhanced MRI shows a 2.0-cm low signal intensity HCC in segment VIl of the liver (large arrow).
The 4th order portal vein branch close to the medial border of the tumor is visualized (small arrows). (B) Portal venous phase coronal reformatted image
of immediate CT scan shows an insufficient medial safety margin (<5 mm). Ablation of the 4th order portal vein branch (arrows) located near the medial
border of the tumor had failed. (C) Arterial phase coronal reformatted image of 6-month follow-up CT shows a recurrent tumor with arterial enhancement
at the medial aspect of the ablation defect (arrow). (D) Portal venous phase coronal reformatted image of 6-month follow-up CT shows a connection
between the recurrent tumor (large arrow) and remnant 4th order portal vein branch (small arrows), which was not ablated
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The excellent local tumor control rates achieved using
the anatomical ablation system in our study could be
attributed to several oncologic and thermal advantages.
First, as we placed one or two electrodes near the drain-
ing portal vein of the index tumor, early venous drain-
age, hence the dispersal of tumor cells into the drainage
bloodstream may have been blocked. This concept is sim-
ilar to the technical aspects of ultraselective transarterial
chemoembolization with lipiodol, which induces lipiodol
reflux into the draining portal venule [39]. Second, as the
draining portal vein is the supplying vein of the tumor-
bearing subsegment, early blockage of the portal blood
supply would have reduced the heat-sink effect thereby
improving the thermal efficiency of parenchymal abla-
tion around the tumor. Third, creation of a larger safety
margin (>5 mm) around the target tumor using a high-
powered multichannel RF system (~400 W maximum
RF current with two 200 W generators) with blockage of
venous outflow must be advantageous to ablate micro-
scopic peritumoral tumor deposits and microvascular
invasion. Indeed, a previous pathologic study demon-
strated that single nodular type with extranodular growth
and confluent multinodular type showed a higher fre-
quency of microvascular invasion than 20% and a longer
distance between the main HCC and intrahepatic metas-
tases than 5 mm [17]. As there was no intrasegmental
recurrence in the 54 patients in whom anatomical RFA
was successfully applied, anatomical ablation can be a
more effective treatment option than conventional abla-
tion for peripherally located small HCCs, especially when
tumors show irregular margins or confluent multinodu-
lar shapes. Similarly, we expect that anatomical ablation
could be more effectively achieved with multi-channel
MW system and multiple applicators under guidance of
contrast-enhanced CT because MWA is associated with
higher intratumoral temperatures, resulting in less heat-
sink effect compared to RFA [40]. Further study is needed
to evaluate the feasibility of anatomical ablation using
multiple microwave applicators.

Of technical note, we used multimodal US fusion imag-
ing technology with either color Doppler or microvas-
cular flow imaging techniques or contrast-enhanced US
to identify the portal vein anatomy in the tumor-bearing
segment [26, 31, 41]. To achieve anatomical ablation, pre-
cise placement of the electrode near the draining portal
vein or passing through the vein must be performed.
Kang et al. [31] had previously demonstrated that micro-
vascular flow imaging which can separate slow or small-
vessel flow signals from clutter artifacts that arise from
voluntary and involuntary motion by using a vendor-
specific adaptive filter could detect the slow flow of small
tumor vessels of HCCs better than the other Doppler
techniques. In our study, the combined use of fusion
imaging and microvascular flow imaging technique
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proved valuable in demonstrating the portal vein anat-
omy in the tumor bearing segment, and aided in elec-
trode placement for the draining portal venule. Fusion
imaging was also shown to be valuable for ablation pro-
cedure monitoring, making the anatomical ablation tech-
nique easier to perform [26, 41-43].

In our study, 98.2% (54/55) of participants achieved
technical success following anatomical ablation, and the
estimated 1- and 2-year cumulative incidences of LTP
were 0% and 3.7%, respectively. Theoretically, acquiring
a sufficient margin (5-10 mm) around the index tumor
after ablation and early blockage of portal venous drain-
age could be critical for decreasing LTP or intrasegmen-
tal recurrence [10, 44, 45]. Anatomical ablation using
multiple applicators could be used with either conven-
tional tumor puncture (47.3%) or “no-touch” approach
(52.7%). Recent studies on “no-touch” RFA, have shown
satisfactory local tumor control rates as low as 4% at 3
years [46—49, 53], which could be attributed to easier cre-
ation of a sufficient ablation margin and no elevation of
intratumoral pressure during ablation [50, 51]. Although
combination of no-touch ablation and anatomical abla-
tion, may maximize the oncological benefits of each tech-
nique, in clinical practice, no-touch ablation may not be
possible in patients with peripherally located small HCC
who lack a sufficient peritumoral parenchyma (<5 mm
width around more than half portion of tumor) or a safe
access route [30]. In our study, no intrasegmental metas-
tases was developed after anatomical ablation regardless
of tumor puncture or no-touch approach used. Consider-
ing that the LTP rate was 8.5% despite securing sufficient
ablation margin by using the dual-switching monopo-
lar mode in a previous study [33], we believe that early
blockage of blood flow in the portal venule around the
index tumor may contribute for reducing intrasegmental
metastases after conventional tumor puncture ablation.

Our study had several limitations. First, the follow-
up duration after ablation (median, 19.2 months) was
relatively short. Second, the effectiveness of ablation
may depend on operator experience and skill. Abla-
tions were performed by an experienced radiologist at a
high-volume center in our study, and therefore, further
multicenter study with several operators having variable
experiences would be warranted to confirm reproduc-
ibility of our study results. Third, we used only one high
powered multichannel RF system and separable cluster
electrodes in switching monopolar mode. Further stud-
ies are required to determine whether the same results
can be achieved with other RF devices or other thermal
sources, such as microwave ablators. However, consid-
ering better thermal efficiency of MWA than RFA, we
expect that MWA using multi-channel MW systems
with multiple antennas could produce even better study
results in terms of local tumor control. Lastly, some of
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the participants had undergone prior HCC treatment
for other HCC, although patients had no recurrence for
two years from the initial treatments. Further study in
patients with de novo early stage HCC would be neces-
sary to evaluate overall survival after anatomic ablation.

Conclusion

In conclusion, anatomical ablation using multiple RF
applicators may help improve local tumor control and is
a promising treatment method for peripherally-located
small (£4 cm) HCCs.

Abbreviations
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RFA Radiofrequency ablation

MWA  Microwave ablation

us Ultrasonography

cT Computed tomography
MR Magnetic resonance
LTP Local tumor progression
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