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Abstract: Background: Identify risk factors for local recurrence (LR) after radiofrequency (RFA) and
microwave (MWA) thermoablations (TA) of colorectal cancer liver metastases (CCLM). Methods: Uni-
(Pearson’s Chi2 test, Fisher’s exact test, Wilcoxon test) and multivariate analyses (LASSO logistic
regressions) of every patient treated with MWA or RFA (percutaneously and surgically) from January
2015 to April 2021 in Centre Georges François Leclerc in Dijon, France. Results: Fifty-four patients
were treated with TA for 177 CCLM (159 surgically, 18 percutaneously). LR rate was 17.5% of
treated lesions. Univariate analyses by lesion showed factors associated with LR: sizes of the lesion
(OR = 1.14), size of nearby vessel (OR = 1.27), treatment of a previous TA site LR (OR = 5.03), and
non-ovoid TA site shape (OR = 4.25). Multivariate analyses showed that the size of the nearby vessel
(OR = 1.17) and the lesion (OR = 1.09) remained significant risk factors of LR. Conclusions: The size
of lesions to treat and vessel proximity are LR risk factors that need to be considered when making
the decision of thermoablative treatments. TA of an LR on a previous TA site should be reserved to
specific situations, as there is an important risk of another LR. An additional TA procedure can be
discussed when TA site shape is non-ovoid on control imaging, given the risk of LR.

Keywords: thermoablation; microwave; radiofrequency; colorectal cancer; liver metastases; local
recurrence

1. Introduction

Colorectal cancer is the second leading cause of cancer death worldwide. Approximately
50% of colorectal cancer patients will develop liver metastases. Surgery clearly improves
prognosis, with 5-year overall survival rates (OS) of approximately 31–60% [1–3], but only
20% of patients are eligible. Thermoablation procedures increase the number of patients
amenable to curative treatment. In early studies, local recurrence rates after thermal ablation
were reported to be between 31 and 60% [4–6] and now range from 4 to 48% [7–18]. OS
rates similar to those achieved with surgery are now observed with thermal ablation when
treated lesions are <3 cm. Moreover, thermoablations yield a lower ablation volume of healthy
hepatic parenchyma, with “parenchymal sparing”, lower complication rates, and a shorter
procedural time and length of stay than with hepatic surgery [19–22]. The complementarity
of thermoablation with surgical resection procedures is now well-established.

Some predictive factors of local recurrence have been identified, such as the size and
localization of the lesion, or an ablation margin of less than 0.5 cm [23,24]. Proximity
to large vessels is a risk factor for Radiofrequency Ablations (RFA) [25–28] but not for
Microwave Ablations (MWA) [11,23,24]. Few studies have focused specifically on finding
factors associated with local recurrence following thermoablation of colorectal cancer liver
metastases.

J. Imaging 2023, 9, 66. https://doi.org/10.3390/jimaging9030066 https://www.mdpi.com/journal/jimaging

https://doi.org/10.3390/jimaging9030066
https://doi.org/10.3390/jimaging9030066
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jimaging
https://www.mdpi.com
https://orcid.org/0009-0009-9046-5189
https://orcid.org/0000-0003-0895-4813
https://orcid.org/0000-0002-5465-8305
https://doi.org/10.3390/jimaging9030066
https://www.mdpi.com/journal/jimaging
https://www.mdpi.com/article/10.3390/jimaging9030066?type=check_update&version=3


J. Imaging 2023, 9, 66 2 of 13

Therefore, the aim of this study was to identify predictive factors of local recurrence
following thermoablation of colorectal cancer liver metastases.

2. Materials and Methods

All patients who underwent thermoablation of colorectal cancer liver metastases
during percutaneous or peri-operative procedures from 1 January 2015 to 1 April 2021 were
retrospectively identified using the local computer informatics database in the Georges
François Leclerc Cancer Center in Dijon, France. All patients had at least a 1 year follow-up
after thermoablation and routine imaging follow-up at 3 months and 1 year. All treatment
decisions were approved in multidisciplinary meetings.

2.1. Lesion Characteristics

Size, localisation (segment according to the Couinaud classification), distance to
Glisson’s capsule, shortest distance to vessels whose diameter was greater than 3 mm, and
the origin of the vessel in proximity (hepatic vessels, portal vessels, inferior vena cava . . . )
were identified by pre-procedure cross-sectional imaging (pre and post-contrast CT-scan
with late arterial and portal phases, pre and post-contrast MRI with dynamic injection up
to 5 min and diffusion weighted imaging sequences).

2.2. Thermoablation Procedures

Percutaneous procedures were performed under general anaesthesia by 4 different
radiologists with experience ranging from 8 to 22 years. The lesion(s) to be eradicated
were found using a lesion-tracking CT-scan immediately prior to the procedure. In aseptic
conditions, a needle topped with an electrode delivering the current was inserted into the
lesion under CT controls for accurate placement. A post-procedure CT-scan was performed
in each patient to ensure technical success was achieved with no residual tumour, covering
the lesion to treat and a 1 cm margin manually measured in 3D side-by-side juxtaposition.

Surgical procedures were performed by a single surgeon with 15 years’ experience,
during open or coelioscopic surgery. The choice between RFA and MWA was made
considering the number of lesions to be treated and vessel proximity on pre-thermoablation
imaging: MWA was chosen if there were more than 3 lesions to be treated or if the lesions
were close to hepatic veins. The needle was inserted under ultrasound control. Ultrasound
control was performed immediately after the procedure to make sure no residual tumour
was left on site.

RFA was performed using a 20 or 30 mm Cool TipTM RF Ablation Single Electrode
System E Series (MEDTRONIC, Minneapolis, MN, USA). RFA heat duration was 6′ with
a 20 mm needle and 12′ with a 30 mm needle. Heat duration, electrode length and
temperature at the end of procedure were recorded.

MWA was performed using an EmprintTM Ablation System with 13-gauge antennas
(MEDTRONIC, Minneapolis, MN, USA) at a frequency of 2.45 GHz. Power and heat
duration of MWA were determined by a lesion size chart. Heat duration and power applied
(Watts) were recorded.

Every thermoablation procedure was performed with a single needle. Use of Pringle
manoeuvre and associated surgical resections were recorded for surgical approaches.

Follow-up liver MRI was performed using the same protocol, CT-scans explored tho-
racic, abdominal, and pelvic regions as part of the standard oncological follow-up, pre- and
post-contrast with late arterial and venous portal phases on the abdomen. Thermoablation
site aspect and shape were assessed at 1 month, 3 months, 6 months, 1 year, and every
further 6 months. On follow-up imaging, the appearance of a nodule contiguous to the
edges of the thermoablation site was considered as a local recurrence.

We calculated the difference between the sizes (length and width) of the thermoabla-
tion area and the lesion treated at 3-months and 1-year imaging. Measures were carefully
drawn by a radiologist with 4 years’ experience. Two radiologists (one with 4 years and
another with 8 years’ experience) recorded local recurrence.
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2.3. Statistical Analyses

Statistical analyses were performed using “R” software for statistical computing.
Parameters were compared by recurrence status by univariate analyses using the Chi

square or Fisher’s exact test for qualitative variables, and the Wilcoxon test for continuous
variables, as appropriate. Multivariate analyses were performed including variables associ-
ated with recurrent lesions chosen by LASSO logistic regression [29]. Statistical tests were
two-sided, and a p-value of <0.05 was considered statistically significant.

Analyses were performed using R statistical software, R-4.2.2, (R Core Team 2017).
Primary outcome was thermoablation site local recurrence during follow-up.

3. Results
Patient Characteristics

Fifty-four patients met the inclusion criteria in 69 ablation sessions: 42 patients had
only one thermoablation procedure, 10 had two procedures, one had three, and one had
four. The patient and disease characteristics are detailed in Tables 1 and 2.

Table 1. Patient characteristics.

Characteristics N = 69 1

Gender
Male
Female

49 (71%)
20 (29%)

BMI (kg·m−2) 26.0 (23.4–28.3)

WHO performance status
0
1
2

53 (76.8%)
15 (21.7%)
1 (1.5%)

Age at primary cancer diagnosis (years) 65 (57–70)

Primary cancer site
Left colon
Right colon
Rectum

26 (37.7%)
17 (24.6%)
26 (37.7%)

Chemotherapy prior to primary cancer surgery
Yes
No

36 (52%)
33 (48%)

CEA (µg/L)
Unknown

3 (2–13)
4

CA19-9 (U/mL)
Unknown

12 (8–30)
4

Extrahepatic secondary lesions at the time of
thermoablation
No
Yes

40 (58%)
29 (42%)

Colorectal TNM:T
1
2
3
4

0 (0%)
4 (6%)
46 (67%)
19 (27%)
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Table 1. Cont.

Characteristics N = 69 1

Colorectal TNM:N
0
1
2

11 (16%)
45 (66%)
10 (18%)

Genetics
RAS mutation
RAS Wild type
BRAF mutation
BRAF Wild type
MSI phenotype
MSS phenotype

26 (38%)
43 (62%)
6 (9%)
63 (91%)
2 (2.9%)
67 (97%)

1 Number of sessions (%); Median (IQR).

Table 2. Liver disease characteristics.

Characteristics N = 69 1

Hepatic metastases chronological occurrence
Synchronous
Metachronous

41 (59%)
28 (41%)

Interval between primary cancer diagnosis and
metachronous metastases occurrence (days) 694 (454–1058)

Hepatic metastatic recurrence
Yes
No

21 (30%)
48 (70%)

Metastases preoperative chemotherapy
Yes
No

66 (96%)
3 (4%)

Number of chemotherapy lines prior to
thermoablation 1 (1–2)

Total number of chemotherapy lines 3 (2–4)

Underlying liver condition
None
Steatosis
Child A6 cirrhosis

30 (43.5%)
38 (55%)
1 (1.5%)

Number of liver metastases to be treated by
episode (thermoablation only) 2 (1–3)

Number of liver metastases to be treated by
episode (thermoablation + surgery) 3 (2–6)

Treatment of a previous thermoablation site
recurrence
Yes
No

9 (13%)
60 (87%)

1 Number of sessions (%); Median (IQR).

A total of 177 lesions were treated: 118 lesions was treated by RFA, 59 by MWA. One
hundred and fifty-nine lesions were treated by the surgical approach (158 by open surgery,
1 by coelioscopic surgery) and 18 by the percutaneous approach. The mean number of
lesions treated per patient was 3.3. Among the lesions, nine lesions were retreated lesions.

No patient had grade IV–V complications, 2% of patients had grade III complications.
No patient had biliary complications such as biliary stenosis or fistula. No visual residual
tumour was found during post-procedure imaging.

No patient had local recurrence at 1-month control.
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Local recurrence occurred in 31 of 177 lesions (17.5%). The median time to local
recurrence was 377 days [158;702]. The primary efficacy rate was 84.5%, as local recurrence
occurred in 26 out of the 168 lesions initially treated. The secondary efficacy rate was 82.5%,
as local recurrence occurred in five out of the nine retreated lesions.

Figure 1 shows an example of local recurrence.
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Figure 1. (a). Axial CT-scan image at portal phase showing colorectal liver metastasis (green arrow)
in segment VI. (b). Axial CT-scan image at portal phase showing technical success of thermoablation
(orange arrow) with no residual tumour. (c). Axial CT-scan image at portal phase of the lowest
part of thermoablation area (orange arrow). (d). Axial CT-scan image at portal phase showing local
recurrence (red arrow) at the edge of the thermoablation site (orange arrow).

There was no significant difference in the rate of local recurrence between liver seg-
ments (p = 0.35). However, the local recurrence rate was 50% in segment I.

The comparison of lesion characteristics by recurrence status is detailed in Table 3.
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Table 3. Comparison of lesion characteristics by recurrence status.

Characteristics No Recurrence (N = 146 1) Recurrence (N = 31 1) p-Value 2

Metastases’ chronological occurrence
Synchronous
Metachronous

100 (68%)
46 (32%)

17 (55%)
14 (45%)

0.14

Hepatic metastatic recurrence 25 (17%) 16 (52%) <0.001

Metastases preoperative chemotherapy 142 (97%) 31 (100%) >0.9

Number of chemotherapy lines prior to thermoablation 1 (1–2) 2 (1–3) 0.001

Total number of chemotherapy lines 3 (2–4) 4 (3–4) 0.002

Underlying liver condition
None
Others (steatosis, cirrhosis)

55 (38%)
91 (62%)

15 (48%)
16 (52%)

0.3

Number of liver metastases to be treated with
thermoablation by episode 3 (2–6) 2 (2–4) 0.009

Treatment of a previous thermoblation site reccurence
Yes
No

8 (5.5%)
138 (94.5%) 7 (23%)

24 (77%)
0.006

Thermoablation type
Radiofrequency ablation
Microwave ablation

102 (70%)
44 (30%)

16 (52%)
15 (48%)

0.050

Thermoablation approach
Surgical
Percutaneous

135 (92.5%)
11 (7.5%)

24 (77%)
7 (23%)

0.020

Guidance during procedure
Ultrasonography
CT scan

136 (93.2%)
10 (6.8%)

25 (81%)
6 (19%)

0.039

Pringle Manoeuvre 13 (8.9%) 1 (3.2%) 0.5

Procedure complication grade (Clavien–Dindo
classification)

0
1
2
3
Unknown

78 (58%)
40 (29%)
15 (11%)
3 (2%)
10

13 (52%)
11 (44%)
1 (4%)
0 (0%)
6

0.5

Hepatic segment
I
II
III
IV
V
VI
VII
VIII

2 (50%)
12 (86%)
9 (100%)
16 (89%)
20 (77%)
18 (78%)
28 (90%)
41 (78%)

2 (50%)
2 (14%)
0 (0%)
2 (11%)
6 (23%)
5 (22%)
3 (10%)
11 (22%)

0.14
1
0.36
0.74
0.41
0.56
0.3
0.51

1 n (%); Median (IQR); 2 Fisher’s exact test, Wilcoxon rank sum test, Pearson’s Chi-squared test.

There was no significant difference between thermoablation site sizes and expected
sizes according to the charts.

By univariate analysis (Tables 4 and 5), patient, lesion, and procedure related factors
favouring local recurrence incurred:
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Table 4. Relation between patient characteristics and local recurrence.

Characteristics N OR 1 95% CI 1 p-Value

Gender (male vs. female) 177 2.73 [0.99–9.64] 0.076

WHO performance status 177 0.73 [0.26–1.73] 0.5

BMI 177 0.98 [0.88–1.08] 0.6

CEA 168 1.00 [1.00–1.00] 0.7

CA19-9 168 0.99 [0.98–1.00] 0.3

Age at primary cancer diagnosis 177 0.99 [0.95–1.02] 0.5

Extrahepatic secondary lesions at the time of thermoablation 177 2.48 [1.12–5.52] 0.024

Genetics
RAS wild type
BRAF wild type
MSS phenotype

177
177
177

1.14
0.69
1.06

[0.52–2.57]
[0.20–3.20]
[0.16–20.8]

0.8
0.6
>0.9

Metastases chronological occurrence 177 1.79 [0.80–3.94] 0.15

Hepatic metastatic recurrence 177 5.16 [2.27–11.9] <0.001

Number of chemotherapy lines prior to thermoablation 177 2.17 [1.39–3.50] <0.001

Total number of chemotherapy lines 177 1.69 [1.23–2.41] 0.002

Underlying liver condition 177 0.64 [0.29–1.42] 0.3

Number of metastases to be treated with thermoablation 177 0.79 [0.64–0.94] 0.016

Treatment of a previous thermoablation site 177 5.03 [1.63–15.3] 0.004
1 OR = Odds Ratio, CI = Confidence Interval.

Table 5. Relation between metastasis characteristics and local recurrence.

Characteristics N OR 1 95% CI 1 p-Value

Thermoablation type (MWA versus RFA) 177 2.17 [0.98–4.80] 0.054

Thermoablation approach (percutaneous versus surgical) 177 3.97 [1.33–11.4] 0.011

Heating Time (sec) 177 1.05 [0.94–1.19] 0.4

Power (MWA) (Watts) 59 1.02 [0.99–1.07] 0.2

Electrode size (RFA) (mm) 118 1.10 [0.99–1.23] 0.087

End of procedure temperature 118 1.09 [0.96–1.26] 0.2

Size of nearby vessel (mm) 177 1.27 [1.13–1.45] <0.001

Distance to vessel with diameter > 3 mm 177 0.59 [0.44–0.78] <0.001

Thermoablation site shape (non-ovoid versus ovoid) 177 4.25 [1.87–9.76] <0.001

Metastasis length (mm) 177 1.11 [1.05–1.18] <0.001

Metastasis width (mm) 177 1.14 [1.07–1.23] <0.001

Thermoablation site length (mm) 177 1.02 [0.98–1.07] 0.3

Thermoablation site width (mm) 177 1.00 [0.95–1.06] 0.9

Thermoablation length margin (mm) 177 0.95 [0.89–1.00] 0.080

Thermoablation width margin (mm) 177 0.90 [0.83–0.96] 0.002
1 OR = Odds Ratio, CI = Confidence Interval.
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- mild risk: total number of chemotherapy lines (OR = 1.69), size of nearby vessel
(OR = 1.27), sizes of the metastasis (OR = 1.11 for length and 1.14 for width);

- moderate risk: extrahepatic lesions at the time of thermoablation (OR = 2.48), number
of chemotherapy lines before thermoablation (OR = 2.17), percutaneous approach
(OR = 3.97);

- high risk: treatment of a local recurrence on previous thermoablation site (OR = 5.03),
treatment of a liver subject to metastatic recurrence (OR = 5.16), non-ovoid thermoab-
lation site shape (OR = 4.25).

The thermoablation margin’s width and the distance to a large vessel (size > 3 mm)
were associated with a lower recurrence risk.

Multivariate analysis was performed on variables chosen by LASSO logistic regression
statistical computing (Table 6).

Table 6. Relation between characteristics chosen by LASSO logistic regression and local recurrence.

Characteristics N OR 1 95% CI 1 p-Value

Treatment of a previous thermoablation site 177 2.47 [0.64–9.26] 0.2

Thermoablation approach (surgical versus percutaneous) 177 0.35 [0.10–1.30] 0.10

Metastasis width (mm) 177 1.09 [1.01–1.19] 0.029

Size of nearby vessel (mm) 177 1.17 [1.03–1.35] 0.025

Distance to vessel > 3 mm 177 0.45 [0.11–1.48] 0.2

Shape of thermoablation site (non-ovoid versus ovoid) 177 2.60 [0.97–6.80] 0.052
1 OR = Odds Ratio, CI = Confidence Interval.

The size of the lesion and the size of the nearby vessel remained significant (OR = 1.09
and 1.17, respectively).

When focusing on vessels, it was found that thermoablation next to hepatic veins
was statistically associated with local recurrence compared to other vessels (p = 0.001), as
12 lesions out of 30 had local recurrence next to hepatic veins versus 19 out of 128 for other
vessels.

The shape of the thermoablation site was classified into ovoid/discoid and others
(pyriform, bilobed . . . ). No statistical difference in terms of shape was found between RFA
and MWA, but there was a higher rate (p = 0.03) of non-ovoid shapes in the percutaneous
approach (8/17) than in the surgical approach (33/158).

4. Discussion

Imaging modalities such as CT and MRI play a central role in the management of
colorectal liver metastases, from diagnosis to treatment, and even afterwards, to track local
recurrence.

This study suggests that many factors can affect local recurrence.
Patient characteristics showed that a broad range of lesions underwent thermoablation,

with a mean number of 3.3 lesions treated per patient and some patients undergoing up to
9 thermoablations in the same procedure. Recurrence rates found in our study are similar
to results found in the literature [7–18].

Patient-related characteristics were not significantly associated with local recurrence
in our study. Therefore, the results were not affected by patient bias and refer to lesions
only. Our study complied with the recommendations on standard criteria such as lesion
size < 3 cm. The comparison between the size of the thermoablation site and the expected
size on the charts showed no significant difference. Nevertheless, lesion sizes, distance to,
and size of nearby vessels > 3 mm, even more so if they were hepatic veins, and non-ovoid
thermoablation site shape were all associated with local recurrence by univariate analysis
and may account for some untreated areas of the metastasis. The size of the lesion and the
proximity of vessels are well-known risk factors for local recurrence [23,25–28,30]. They
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also appeared to be associated with local recurrence in multivariate analyses. A short
distance to nearby vessels was found to be a risk factor even for MWA.

The novel information provided by this study is that non-ovoid thermoablation site
shape is related to local recurrence by univariate analysis and was borderline significant
in multivariate analysis. “Heat Sink Effect” may be responsible for this shape and can
explain why it is related to local recurrence, with suboptimal and unequal delivery of the
heat. This hypothesis is consistent with the results of a study conducted within in vivo
porcine models [31], showing that the shape of the thermoablation site is influenced by
intrahepatic vessels. It is known that the proximity of blood vessels greater than 3 mm
leads to the “Heat Sink Effect”, essentially affecting RFA because of the conduction-based
heating spreading in this technique. It is caused by blood irrigation cooling the tissue in the
local area surrounding the vessel, therefore, preventing completion of the total theoretical
thermoablation area. It can be removed in surgical procedures by clamping the portal
pedicle (Pringle Manoeuvre) when the lesion is next to a portal branch or by parenchymal
compressing for lesions next to hepatic veins [32]. MWA, lying on dielectric permittivity
instead of conduction, is less affected by the “Heat Sink Effect” [32–34]. The “Heat Sink
Effect” could explain the high local recurrence rate found in segment I (50%) because of
the proximity of the inferior vena cava and the portal pedicle. The absence of statistical
significance may be due to a lack of power, as there were only four lesions treated in
this segment.

Therefore, this study suggests that the shape of the ablation area after the procedure
should be examined, as there is a higher risk of local recurrence when non-ovoid. It
raises the discussion of additional ablation, which could be provided by replacing the
needle or by inserting a second or even a third needle to better control the thermoablation
area. Irreversible Electroporation [35–38] and High-Intensity Focused Ultrasounds [39,40]
are alternative ablation techniques for such lesions, their efficacy and safety have been
demonstrated in many studies especially for colorectal liver metastases treatment.

Our secondary efficacy rate results showed that thermoablation of a local recurrence
on a previous thermoablation site is a risk factor for a new local recurrence. The risk factors
due to the localisation of the initial metastasis (vessel proximity . . . ) may have caused the
first local recurrence. As they remain the same from one thermoablation to another at the
same site, a higher risk of local recurrence was expected and observed.

The size difference between the thermoablation site and the lesion’s edges was cal-
culated to represent the security margin. Greater security margins were associated with
a lower recurrence rate in our study, significantly for the width, and almost significant
for the length. Shady et al. [7] demonstrated that a 1 cm security margin was associated
with almost no local recurrence. Currently, software with image matching and margin
estimations is being developed and examined as a future prospect to help deal with the
security margins in a simpler way. Manual detection and segmentation of colorectal liver
metastases by radiologists can be assisted by deep learning automated detection and seg-
mentation of liver lesions as it has proven its efficiency [41]. Radiomic approaches have
been shown to be very helpful for liver lesion segmentation, given lesion heterogeneity,
and should be integrated as future clinical prospects in this field of oncoradiology [42].
Texture-based features could be part of procedure planning, but may also be of interest for
detecting local recurrence as biomarkers [43,44].

Some limitations of our study are inherent to its design: single-centred with a rela-
tively low number of patients and heterogeneity in treatments’ details (surgical versus
percutaneous, MWA versus RFA).

Our results comparing MWA and RFA, but also surgical versus percutaneous ap-
proaches, likely suffered from selection bias. Indeed, the type of thermoablation to be used
was chosen before the procedure, knowing that a high number of lesions to be treated
or lesions next to vessels prompted clinicians to use MWA more than RFA. In short, the
patients chosen to be treated with MWA had more hepatic lesions to treat than those treated
with RFA. Furthermore, MWA was preferred for hepatic lesions next to vessels, and were
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therefore more at risk of local recurrence. Similar to our study, other studies in the literature
have suggested that the percutaneous approach is associated with a higher local recurrence
rate than the surgical approach [6,30,45–48]. However, the analysis comparing the two
approaches could be biased.

It is widely acknowledged that patients undergoing other surgical resections during
the same procedure as thermoablation are subject to a higher level of inflammatory factors,
which could lead to a burst of potential local tumour residue. This was not the case in
our study.

Thermoablation procedures appeared to be safe with a low complication rate: only 2%
of patients had grade III complications, no patient had grade IV complications. No patient
had biliary complications such as biliary stenosis or fistula.

Genetic mutations were not statistically involved in local recurrence in our study, but
some other studies have found a link between these genetic mutations with an adverse
impact on oncological outcomes [49,50].

5. Conclusions

Thermoablation is a safe procedure and is efficient in terms of parenchymal sparing,
with a low complication rate. Precise mapping of the lesion and its local environment
can help identify factors that may be responsible for treatment inefficiency. Larger size
of the lesion to treat and proximity to blood vessels (especially hepatic veins) are risk
factors for local recurrence that need to be considered when deciding on the ablation
strategy, by adjusting the number of needles and the heating parameters to the lesion to
treat or by taking a different approach with non-thermal ablations. Thermoablation of
local recurrence occurring at a previous thermoablation site should be reserved for specific
situations, since there is a higher risk of further local recurrence, given the almost identical
primary and secondary efficacy rates, and this should also be balanced with alternative
ablation techniques (IRE, HIFU) [35–37,39]. A non-ovoid thermoablation site shape on
routine control imaging should prompt consideration of an early additional thermoablation
procedure given the likelihood of a suboptimal distribution of the heat and the risk of a
subsequent local recurrence.

As surgical procedures use US guidance, and cross-sectional images are not imme-
diately available before the end of the procedure to confirm technical success. Contrast
ultrasonography could be encouraged during surgery to offer arguments for whole lesion
destruction, and, if destruction is not complete, to provide immediate additional treatment.

As future prospects, developments in the fields of imaging and technology will enable
treatment plans tailored to each individual and lesion, with their own local recurrence risk
factors [51]. Thermoablation charts could also take local recurrence risk factors into account,
identified upstream on pre-procedure imaging, to adapt the thermoablation parameters
and make them appropriate to the lesion to be treated. Modelling software could give us
an overview of what the thermoablation area will look like, depending on the needle’s
position, given the local risk factors and, especially, vessel proximity. Therefore, it could
enable us to select the best path to treat the lesion [52,53].
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