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Computed tomography-guided microwave ablation of perivascular liver
metastases from colorectal cancer: a study of the ablation zone, feasibility,
and safety

Jean Izaaryenea, Maxime Draia, C�ecile Deniela, Pauline Bridgeb, Geoffrey Ricoa, Nassima Daidja,
Marine Gilabertc, Jacques Ewaldd, Olivier Turrinid and Gilles Pianaa

aDepartment of Radiology, Institut Paoli Calmettes, Aix Marseille University, Marseille, France; bLaboratoire Imagerie Interventionnelle
Experimentale CERIMED, Marseille, France; cDepartment of Oncology, Institut Paoli Calmettes, Marseille, France; dDepartment of Surgery,
Institut Paoli Calmettes, Marseille, France

ABSTRACT
Objectives: To compare the ablation margins and safety of microwave ablation (MWA) of perivascular
versus non-perivascular liver metastases from colorectal cancer (CRC) and to determine the risk factors
for local tumor progression (LTP) after perivascular MWA.
Methods: Between June 2017 and June 2019, 84 metastases were treated: 39 perivascular (<5mm
from a vessel >3mm), and 46 non-perivascular. Perivascular metastases were treated with either con-
ventional or optimized protocols (maximum power and/or several heating cycles after repositioning
the needle regardless of the initial tumor dimensions). The mean diameter of metastases was 15.4mm
(SD: 7.56).
Results: Vascular proximity did not result in a significant difference in ablation margins. The technical
success rate, primary efficacy, and secondary efficacy were 90%, 66%, and 83%, respectively.
Perivascular location was not a risk factor for time to LTP (p¼ 0.49), RFS (p¼ 0.52), or OS (p¼ 0.54).
LTP was statistically related to the presence of a colonic obstruction (p< 0.05), number of metastases
at the time of diagnosis (p< 0.05), type of protocol (p< 0.05), ablation margins (p< 0.001) and LTP
was proportional to the number of liver resections before MWA (p< 0.05). There was no LTP in tumors
ablated with margins over 10mm. Two grade 4 complications occurred.
Conclusion: MWA is an effective and safe treatment for perivascular liver metastases from CRC, pro-
vided that satisfactory margins are achieved. A maximalist attitude could be related to better
local control.

Abbreviations: CRC: Colorectal cancer; ECOG: Eastern Cooperative Oncology Group; HSE: Heat sink
effect; INR: International Normalized Ratio; LTP: Local tumor progression; MWA: Microwave ablation;
NET: Neuro endocrine tumor; OS: Overall survival; RFS: Recurrence-free survival; RFA:
Radiofrequency ablation
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Introduction

Colorectal cancer (CRC) is the fourth most frequently diag-
nosed cancer and the second leading cause of cancer mor-
tality in the United States. Recent improvements in the
incidence and mortality are thought to be the result of shift-
ing patterns of the risk factors associated with CRC and
improved therapeutic modalities [1]. The liver is one of the
most common metastatic sites for CRC and its involvement
is a major prognostic factor, particularly in CRC. Treatment of
these metastatic tumors improves patients’ survival [2]. A
controlled randomized trial recently demonstrated that
aggressive local treatment of patients with unresectable
colorectal liver metastases could prolong the overall survival
[3]. Liver resection is the standard treatment for oligo-meta-
static patients. However, liver resection is contraindicated

when metastases are close to the major liver vessels, owing
to technical difficulties and a high complication rate [4]. For
several years, percutaneous and surgical thermoablation (TA)
has been a valid therapeutic alternative in the management
of small (<3 cm) liver metastases [5,6]. The three- to ten-year
survival rates of a large series of patients with liver metasta-
ses from CRC treated with TA were found to be equivalent
to those reported by most surgical series in literature [7].
During surgery, particular attention is paid to ensure minimal
ablation margins. The optimal end point of tumor ablation is
a minimal margin of above 10mm, which is related to local
control, similar to hepatectomy, thereby, avoiding surgical
morbidity. Recently, a systematic review and meta-analysis
argued in favor of ablation over chemotherapy alone by
emphasizing the potential for long-term disease control and
low complication rates [8]. Microwave ablation (MWA) has
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developed in recent years and appears to be an effective
and safe alternative [9]. However, its efficacy on perivascular
metastases remains uncertain, owing to the heat sink effect
(HSE) [10], which results in incomplete tumor destruction.
The HSE is frequently reported after radiofrequency ablation
(RFA), compared to MWA, which may be attributed to the
fact that MWA employs different technologies that partially
annihilate the HSE [11]. Moreover, RFA protocols seem to
depend on the resistivity of the carbonized tissue objectified
by the roll-off. One of the advantages of MWA is its ability to
eliminate the roll-off and deposit a predefined amount of
energy, according to the programmed time and power.
Subsequently, optimized protocols are possible, that is the use
of higher parameters, compared to those provided by the
manufacturers for a given tumor dimension and/or the repeti-
tion of ablations after needle repositioning without being lim-
ited by the roll-off. Current literature comprises very few
studies that focus on MWAs in this context. Qin et al.’s study
[12] did not have the same objectives as the current study.
However, they observed that tumor progression after ultra-
sound-guided percutaneous MWA in colorectal liver metasta-
ses was more likely in perivascular metastases. Conversely,
Shady et al. [13] demonstrated that unlike RFA, the efficiency
of MWA was not affected in perivascular tumors, provided
that satisfactory ablation margins are achieved.

The objective of the current study was to compare the
size of ablation zones, minimal margins, short-term local con-
trol, and safety of MWA in the management of perivascular
versus non-perivascular metastases and to determine the risk
factors for the local tumor progression (LTP) of perivascular
metastasis from CRCs after MWA.

Materials and methods

Approval for the present retrospective study was obtained
from the Institutional Review Board.

Patient population

The current study included all consecutive patients who
underwent MWA at our institution from June 2017 to June
2019. The inclusion criteria were as follows: patients with
liver metastases from CRC, age �18 years, Eastern
Cooperative Oncology Group (ECOG) performance status <2,
alanine aminotransferase and aspartate aminotransferase lev-
els three times above the upper normal limit, total serum
bilirubin <3.0mg/dL, serum creatinine clearance >60ml/min,
platelet count >50,000/mm3, and international normalized
ratio <1.5. The exclusion criteria were as follows: primary
liver tumors, owing to a different population in a scenario
involving predominant cirrhosis that could increase the
dimensions of ablation [14]; patients with metastases from
other primitive tumors; lack of data on ablation protocols;
inability to undergo medical follow-up due to geographical,
social, or psychological factors; patients without adequate
baseline imaging, without MRI follow-up after ablation, or
poor quality MRI with hardly evaluable ablation. During the
course of the study, 116 consecutive patients with 177 meta-
stases underwent monopolar MWA. A flowchart of the
patient selection process is shown in Figure 1.

The perivascular location of the tumor was defined as a
distance of less than 5mm between the hepatic metastasis
and a major hepatic vessel (portal and/or hepatic veins and/
or inferior vena cava). A vessel was considered as large if the
diameter was above 3mm. The current study chose a dis-
tance of 5mm, which corresponds to the estimated ablation
minimal margin for satisfactory local tumor control [15,16]
and a vessel diameter greater than 3mm, from which the
HSE can be observed [17]. The margins between the meta-
stases and the vessels, the vessel diameters, and the distribu-
tion of metastases between the two groups, namely, the
perivascular and non-perivascular groups, were determined
through consensus after evaluations by three investigators.

Figure 1. A flowchart of the patient selection process.
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The exact vessel and the size of the vessels for PV tumors
are indicated in Table 1.

The indications for MWA were discussed by a multidiscip-
linary tumor board including specialists in liver surgery, inter-
ventional radiology, and digestive oncology. All metastases
eligible for percutaneous thermal ablation treatment (diam-
eter �30mm) were managed with MWA. All metastases with
larger diameters were managed surgically. All the patients
had histopathological evidence of a primary tumor and/or
metastasis and underwent a preoperative MRI or contrast-
enhanced CT scan within 30 days prior to the treatment. The
patients were verbally informed of the potential complica-
tions and treatment alternatives, and verbal consent was
obtained. The following data were collected:

1. Patients: age, sex, WHO (World Health Organization) per-
formance status, American Association of Anesthesia
(ASA) score, body mass index (BMI), platelet aggregation
inhibitor, and platelet count.

2. Potential known prognostic factors pertaining to CRC:
colonic obstructionor perforation, primary tumor resec-
tion; if yes, resection margin clearance, location of the
tumor (left colon, right colon, and rectum); history of
hepatic metastases surgery; if yes, number of surgical
resections; number of chemotherapy lines, time interval
between the diagnosis and MWA, mucinous component
and percentage, number of liver metastases at the time
of diagnosis, TNM classification, vascular or lymphatic
invasion, perineural invasion, tumor grade, carcinoem-
bryonic antigen (CEA) at the time of diagnosis and at
the time of MWA, meta- or synchronous liver metasta-
ses, KRAS mutation, BRAF mutation, microsatellites
instability status (since the 2018 updates to the NCCN
guidelines, all patients with metastatic disease should
have the tumor tissue genotyped for KRAS and BRAF
mutations; patients with any known KRAS mutation
(exon 2, 3, 4) or NRAS mutation (exon 2, 3, 4) should
not be treated with either cetuximab or panitumumab.
The response of BRAF V600E mutation to panitumumab
or cetuximab is highly unlikely, unless administered with
a BRAF inhibitor.4) [1].

3. Metastases and procedures: proximity to vessels; if yes,
vessel type, distance between metastases and vessels,
vessel diameter, number of metastases treated in the
same session, major diameter of the index ablation
metastasis, ablation protocol (conventional or opti-
mized), ablation power (<100 W or 100 W), ablation
time (minutes), and minimal ablation margins.

Liver MWA procedure

The MWA interventions were performed by three senior
interventional radiologists with more than five years of
experience. The procedures were performed under local
anesthesia and conscious sedation. Under the guidance of
computed tomography (CT) (Somatom Definition AS scanner,
Siemens, Munich, Germany), an initial non-contrast CT was
performed with an acquisition reported in 0.6-mm thick sec-
tions, which was essentially supplemented by the contrast-
enhanced CT if the tumor was not visible, with acquisition
during the arterial phase (section thickness: 1.5mm; step: 0,
8), with a delay of 30 s or the portal phase with a delay of
60–90 s after the commencement of the intravenous bolus
injection of 100–120 cc of a low osmolality iodine-based con-
trast agent (XenetixVR 300, Guerbet GmbH, Sulzbach,
Germany) at the rate of 3 cc/s. If required, image fusion soft-
ware was used with the preoperative imaging. The MWA was
performed using the EmprintTM microwave (2.45GHz, 14G
probes) ablation system using the ThermosphereTM technol-
ogy (MedtronicTM, Dublin, Ireland). The needle was placed
under the control of several 4 cm sequential acquisition
boxes, which facilitated complex pathways. Once the needle
was positioned, considering the non-perivascular metastases,
the ablation parameters (power: 45/75/100W; duration: 2.5/
5/10min) were determined according to the dimensions of
the ablation index tumor using the manufacturer’s charts. In
case of perivascular metastases, the manufacturers’ recom-
mendations were followed during the initial experiments and
the provided ablation charts were applied, which repre-
sented the ‘conventional protocol’. Subsequently, considering
the feedback from experience, we decided to adopt a max-
imalist attitude, that is, to choose a maximum power of
100W, regardless of the initial tumor dimensions, and/or to
perform several heating cycles by repositioning the needle,
which represented the ‘optimized protocol’. Subsequent to
the interventions, a non-contrast CT scan was performed to
detect immediate complications. A contrast-enhanced CT
scan was not performed after each procedure, in order to
preserve the kidney function. The completeness of ablation
was assessed using MRI images obtained one month after
the MWA. All the patients were closely monitored by an
anesthesiologist during the procedure, kept in the recovery
room for at least 1 h after the procedure, and hospitalized
for one night after the treatment.

Follow-up imaging

The patients were examined by interventional radiologists
and oncologists using a liver MRI after 1month and

Table 1. Table detailing the exact vessel, their number and the distances between vessels and metastasis for PV tumors.

Type of vessel
Number of
lesions

Mean size of the vessel in mm,
(Standard deviation)

Mean distance between metastases
and vessels in mm
(Standard deviation)

Portal vein 13 6.1 (1.9) 0.7 (1.1)
Hepatic vein 18 8.2 (3) 1.13 (1.4)
Inferior vena cava 4 20.75 (7) 1.25 (1.5)
Hepatic vein and inferior vena cava 4 22.5 (2.8) 0.75 (1.5)
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subsequently, every 3months. All the patients underwent fol-
low-up MRIs using the General Electric MRI 1.5 T SIGNA Artist
(GE Healthcare, Milwaukee, WI, USA). The protocol consisted
of an axial T2-weighted fat-suppressed spin-echo in respira-
tory gating imaging (section thickness: 5mm/1mm), axial
DW echo-planar in a respiratory gated imaging (b400-b800;
section thickness: 5mm/1mm), axial T1-weighted breath-
hold gradient-echo in-phase and out-of-phase imaging (sec-
tion thickness: 5mm), axial T2-weighted fast breath-hold
spin-echo imaging (section thickness: 6.5mm/2mm), and
axial unenhanced and dynamic contrast-enhanced T1-
weighted 3D fat-suppressed spoiled breath-hold gradient-
echo imaging (section thickness: 5mm), which was obtained
with an initial delay of 35 s (arterial phase) and at two con-
secutive intervals afterwards, a portal phase (1min) and a
delayed phase (3min), with an intravenous administration of
20ml of a contrast agent (DotaremVR , Guerbet, Roissy,
France). Additionally, the patients benefited from thoracic-
abdominal and pelvic CT scans as part of the systematic fol-
low-up, in agreement with their oncologists.

Evaluation of ablation dimensions, minimal ablation
margins, treatment efficacy, and complications

Ideally, for the measurement of the ablation size, an immedi-
ate postoperative MRI should have been performed to assess
the actual ablation sizes. However, this practice is not
included in the follow-up recommendations and appears
complex in practice. Hence, the ablation dimensions were
measured 1month after treatment on the T1-weighted 3D
sequence without contrast. The ablation zone appeared as a
well-defined scar with a spontaneous high signal, owing to
necrosis and hemorrhagic changes. The long and short axes
diameters of the ablations were measured on multi-planar

reconstructions. In order to evaluate the heterogeneity of the
ablation parameters (power and time), these measurements
were related to the values provided on the manufacturer’s
ablation charts for each ablation protocol. The ratios
between the dimensions measured on the MRI and the
expected dimensions in the manufacturers’ charts were esti-
mated. The dimensions of all the ablations at 1month were
smaller, compared to the expected dimensions in the charts,
which can be attributed to the tissue contraction, particularly
during MWA and secondly to the natural involution due to
cicatrization [18]. These changes are assumed to be constant,
regardless of the protocol used, and are different from the
HSE-induced phenomena [19]. Furthermore, the estimated
ablation zone dimensions were determined by the manufac-
turer’s in-vivo models for classic centro-hepatic ablations and
not for perivascular metastases. Computing the ratio of these
diameters allowed us to determine whether the dimensions
of the ablations obtained were smaller than expected,
regardless of the protocol used, and thereby, to determine
whether an ablation suffered from HSE. Non- or difficult-to-
measure ablations and the metastases treated with
‘optimized protocols’ involving needle repositioning were
excluded from this evaluation.

Minimal ablation margins were measured using a method
comparing the first pre- and post-ablation MRI after contrast
injection in the portal phase. Preoperative MRI or contrast-
enhanced CT scan within 30 days prior to the treatment and
post-ablation portal venous phase CT or MRI images were
reviewed side by side to compare the index tumor and the
ablation zone/defect. Multiple distances between the
tumors/ablation zone and anatomic landmarks were meas-
ured (Figure 2). Only high level reliability landmarks and
nearest landmark to the tumor contour were selected.
Anatomic landmarks present on pre- and post-ablation CT

Figure 2. Minimal ablation margins measurement method. Axial T1 weighted MRI after intravenous contrast injection with an acquisition during the portal phase
before microwave ablation (1) and after ablation (2). The method compared the first pre- and post-ablation MRI after contrast injection in the portal phase measur-
ing multiple distances (a1, b1, c1, d1, e1) between the tumors (black arrow in 1) and anatomic landmarks and ablation zone (black dotted arrow in 2) and anatomic
landmarks (A1, B1, C1, D1, E1) (Figure 2). For each landmark, the pre-ablation distance was subtracted from the post-ablation distance to render the margin at that
site (a1-A1, a2-A2… ). The smallest value was considered as the minimal margin (a1-A1 in the example).
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images were classified into four categories according to their
reliability and reproducibility as previously described by
Wang et al. [15]. Only high level reliability landmarks and
nearest landmark to the tumor contour were selected. At
least 4 landmarks in four directions (medial, lateral, anterior,
and posterior) were measured. For each landmark, the pre-
ablation distance was subtracted from the post-ablation dis-
tance to render the margin at that site. The smallest value
was considered as the minimal margin. In order to limit
potential errors due to the spatial resolution variations, mar-
gin size was classified as less than 1mm, 2–5mm, 6–10mm,
and above 10mm. These assessments were performed in
consensus by two radiologists.

The efficacy regarding the diagnosis of residual tumors
was determined independently by two radiologists. Technical
success was confirmed if the ablation zone was completely
overgrown or encompassed the target tumor, as observed
on the MRI with a contrast injection that was obtained after
the first month. LTP was defined as a new, growing tumor
(Figure 3) in or abutting the ablation in a zone previously
considered to be completely ablated during the follow-up
period. The primary efficacy was defined as LTP after one
MWA procedure. The secondary efficacy was defined as a
successful repeat MWA following identification of the LTP.
Time to LTP was calculated from the day of MWA to the day
of LTP or the last day of follow-up. RFS was calculated from
the day of MWA to the day cancer recurrence was detected

or the day of last follow-up. Considering the TLP and RFS, all
the patients were censored at the time of death. OS was cal-
culated from the day of MWA to the day of demise or the
day of last follow-up.

Adverse events were recorded using the criteria of the
Common Terminology for Adverse Events Version 5.0 [20].
Grade 1 corresponds to asymptomatic or mild symptoms not
requiring treatment; grade 2 corresponds to moderate symp-
toms: minimal, local, or noninvasive intervention is indicated;
grade 3 corresponds to severe or medically significant but
not immediately life-threatening symptoms; hospitalization
or prolongation of existing hospitalization is indicated; grade
4 corresponds to life-threatening consequences; urgent inter-
vention is indicated; and grade 5 corresponds to death.

Statistical analyses

Quantitative statistics were presented as means and standard
deviations or medians and interquartile ranges and com-
pared with each other using the Mann–Whitney U test.
Qualitative data were expressed as frequencies and were
compared using the Student’s t and Chi-square tests. Data
pertaining to the ablation dimensions were compared using
the Wilcoxon rank-sum test with continuity correction. TLP,
recurrence-free survival (RFS), and overall survival (OS) were
calculated using the Kaplan-Meier method. A log-rank test
was performed to compare the TLP, RFS, and OS between

Figure 3. 80-year-old-man with colorectal cancer and a unique liver metastasis (black arrow) close to a segmental portal vein (black doted arrow). A and B repre-
sent a coronal and axial T1 weighted MRI after intravenous contrast injection with an acquisition during the portal phase before microwave ablation. C represents
the aspect of the ablation zone on T1 weight MRI one month after treatment. Without injection of contrast the ablation zone appears hyper intense (white arrow).
D, E and F are a coronal and axial T1 weighted MRI without injection (F) and with intravenous injection of contrast (D and E) during portal phase, three months
after microwave ablation representing a growing tumor (dotted line) poorly enhanced abutting the ablation zone and the portal vein.
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the perivascular ablation and non-perivascular ablation
groups. Risk factors for LTP were studied using the Cox
regression analysis. Statistical significance was assumed for
p-values less than 0.05. The statistical analysis was performed
using the SPSS software (version 24; SPSS, Chicago, IL).

Results

Baseline characteristics

The present study involved 39 (46%) patients with perivascu-
lar metastases who underwent MWA (13 adjacent to portal
veins, 18 adjacent to hepatic veins, four adjacent to the
inferior vena cava (IVC), and four adjacent to both hepatic
veins and IVC). The mean metastases diameter was 15.4mm
(SD: 7.56). In 12 procedures, two metastases were treated
during the same session (nine with both perivascular and
non-perivascular metastases and three with two non-perivas-
cular metastases). In five procedures, three metastases were
treated during the same session (three with two perivascular
and one non-perivascular metastases, one with three perivas-
cular metastases, and one with two non-perivascular and
one perivascular metastases). The mean distance between
the metastases and the vessels was 0.98mm (SD:1.4) and the
mean diameter of the vessels was 10.2mm (6.7). The charac-
teristics pertaining to the patients and metastases in the two
groups were not statistically different (Table 2).

Ablation dimensions

The dimensional variations of the perivascular ablation zones
were not significantly different from the non-perivascular
ablation zones with regard to either the long axis (�8% ±
1% versus �8% ± 1% respectively; p¼ 0.92) or the short axis
diameters (�17% ± 17% versus �19% ± 16% respectively;
p¼ 0.7). The short axis diameters of perivascular ablations
were significantly smaller in the conventional ablation proto-
cols, compared to the optimized protocols (�21% ± 15% ver-
sus 3% ± 13% respectively; p< 0.01). The long axis diameters
of perivascular ablations were significantly smaller in the
conventional ablation protocols, compared to the optimized
protocols (�1% ± 16.4% versus 1% ± 18% respectively;
p¼ 0.015) (Figure 4). There were no significant correlations
between the ‘diameter of the vessels’ and ‘the distance
between the vessels and metastases,’ on the one hand and
the dimensional variations for the long axes (p¼ 0.5 and
p¼ 0.1 respectively) and short axes (p¼ 0.7 and p¼ 0.2,
respectively) of the perivascular metastases treated with
MWA on the other hand. No significant correlations were
observed between the periportal or perihepatic venous
tumors and the short (p¼ 0.6) or long axes (p¼ 0.8).

Minimal ablation margins

Among all the tumors, 19 (23%) were ablated with a minimal
margin of less than 1mm, 29 (35%) with a minimal margin
between 2 and 5mm, 19 (23%) with a minimal margin
between 6 and 10mm, and 17 (20%) with a minimal margin

above 10mm. Eleven perivascular and eight non-perivascular
tumors were ablated with a minimal margin of less than
1mm. Fourteen perivascular tumors and 15 non-perivascular
tumors presented a minimal margin of 2 and 5mm. Six peri-
vascular tumors and 13 non-perivascular tumors presented a
minimal margin of 6 and 10mm. Eight perivascular tumors
and nine non-perivascular tumors presented a minimal mar-
gin of above 10mm. There were no statistically significant
differences between the perivascular and non-perivascular
tumors with regard to the minimal ablation margins (p¼ 0.4).
Regarding the perivascular MWA, there was a statistically sig-
nificant association between the ‘optimized protocol’ and
minimum ablation margins (p¼ 0.05) (10 (91%) with a mar-
gin below 1mm, 12 (86%) with a margin between 2 and
5mm, three (50%) with a margin between 6 and 10mm,
three (38%) with a margin above 10mm for ‘conventional
protocol’ versus one (9.1%) with a margin above 1mm, two
(14%) with a margin between 2 and 5mm, three (50%) with
a margin between 6 and 10mm, and five (62%) with a mar-
gin above 10mm for the optimized protocol). Minimal mar-
gins were not statistically associated with the vessel
diameters (p¼ 0.25) or the distance to vessels (p¼ 0.14).

Efficacy of liver MWA for perivascular metastases

The technical success rate was 90%, with five procedures
presenting an incomplete treatment on the follow-up MRI
after 1month (one patient underwent re-treatment with
MWA, three patients required chemotherapy, and one
patient underwent surgery). The primary efficacy was 66%
and the secondary efficacy was 83%. Among the 35 technic-
ally successful procedures, 12 ablations had local recurrence.
Five recurrences were detected on the follow-up MRI at
6months, four at 9months, two at 12months, and one at
15months. Five recurrences were successfully treated with a
second session of MWA and one was successfully treated
with two additional MWAs. In three cases, chemotherapy had
to be initiated due to diffuse metastatic progression and sur-
gical resection was performed in three cases. The median fol-
low-up period was 13.3months. The median TLP was
12.5months (Figure 5). The one- and two-year local progres-
sion LP rates were 56% and 48%, respectively. The median
RFS for perivascular metastases was 14.5months. The one-
and two-year RFS rates were 55% and 15%, respectively. The
median overall survival OS was not attained. The one- and
two-year OS rates were 97% and 85%, respectively. The peri-
vascular location was not statistically related to the TLP
(p¼ 0.49), RFS (p¼ 0.52), or OS (p¼ 0.54).

Factors associated with the LTP of PV metastases after
MWA (Table 3)

The LTP was statistically related to the presence of a colonic
obstruction or a perforation at the time of initial diagnosis
(p< 0.05), the number of metastases at the time of diagnosis
(p< 0.05), the number of surgical resections of liver metasta-
ses before MWA (p< 0.05), the type of protocol (p< 0.05),
and ablation margins (p< 0.001) (Figure 6). No LTP was
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Table 2. Table representing patients’ characteristics for the group of perivascular ablations and the group of non-perivascular ablations.

Non-perivascular
metastases (n¼ 45)

Perivascular
metastases (n¼ 39) p

Age mean (SD) 69.9 (±7.37) 70.6 (±8.88) 0.72
Sex
Female 37 (82%) 32 (82%) 0.98
Male 8 (18%) 7 (18%) –

ASA score
1 1 (2.2%) 2 (5.1%) 0.57
2 39 (87%) 31 (79%) –
3 5 (11%) 6 (15%) –

Performance status
0 19 (59%) 23 (79%) 0.093
1 13 (41%) 6 (21%) –

Platelet count mean (SD) 217 (±83.7) 222 (±69.3) 0.78
Antiplatelet aggregation inhibitor
No 42 (93%) 32 (82%) 0.18
Yes 3 (6.7%) 7 (18%) –

Primary tumor location
Right colon 16 (36%) 14 (36%) 0.58
Left colon 18 (40%) 12 (31%) –
Rectum 11 (24%) 13 (33%) –

Colonic obstruction/perforation at the time of initial diagnostic
No 36 (80%) 29 (74%) 0.54
Yes 9 (20%) 10 (26%) –

Synchronous or metachronous liver metastasis
Synchronous 29 (64%) 24 (62%) 0.78
Metachronous 16 (36%) 15 (38%) –

Number of liver metastases surgical resections before MWA mean (SD) 0.978 (±0.753) 0.718 (±0.759) 0.12
Liver metastases resection margin
R0 20 (87%) 15 (100%) 0.26
R1 3 (13%) 0 (0%) –

Rubbia-Brandt TRG after liver metastasis resection
1 1 (5.3%) 1 (8.3%) 0.59
2 5 (26%) 2 (17%) –
3 5 (26%) 6 (50%) –
4 8 (42%) 3 (25%) –

Lines of chemotherapy before MWA mean (SD) 2.04 (±0.952) 1.85 (±0.670) 0.27
Time between diagnosis and MWA (months) mean (SD) 31.3 (±19.8) 22.8 (±17.3) 0.1
Number of metastases treated in the same procedure mean (SD) 1.56 (±0.693) 1.74 (±0.850) 0.27
MWA power
<100W 38 (84%) 34 (87%) 0.72
100W 7 (16%) 5 (13%) –

CAE at the time of MWA mean (SD) 8.82 (±7.89) 8.74 (±7.99) 0.77
CAE at the time of diagnosis mean (SD) 127 (±315) 204 (±427) 0.65
Surgery of the primary tumor
No 3 (7%) 5 (13%) 0.46
Yes 40 (93%) 33 (87%) –

Grade of differentiation of the primary tumor
Poorly differentiated 4 (12%) 3 (10%) 0.25
Moderately differentiated 20 (61%) 12 (41%) –
Well differentiated 9 (27%) 14 (48%) –

T status after primary tumor resection
1 0 (0%) 1 (2.7%) 0.65
2 6 (14%) 5 (14%) –
3 24 (56%) 23 (62%) –
4 13 (30%) 8 (22%) –

N status after primary tumor resection
0 12 (27%) 7 (18%) 0.6
1 19 (43%) 17 (45%) –
2 13 (30%) 14 (37%) –

Number of positive nodes mean (SD) 1.94 (±2.67) 2.32 (±2.57) 0.43
M status after primary tumor resection
0 17 (38%) 14 (36%) 0.86
1 28 (62%) 25 (64%) –

Number of metastases at the time of diagnosis mean (SD) 3.00 (±3.14) 2.65 (±2.88) 0.61
R status after primary tumor resection
0 36 (92%) 34 (94%) 1
1 3 (7.7%) 2 (5.6%) –

Perineural invasion
No 15 (54%) 17 (65%) 0.38
Yes 13 (46%) 9 (35%) –

Vascular or lymphatic invasion
No 19 (68%) 18 (69%) 0.91
Yes 9 (32%) 8 (31%) –

Kras mutation
No 16 (53%) 10 (45%) 0.57
Yes 14 (47%) 12 (55%) –

BRAF mutation
No 26 (93%) 21 (100%) 0.5
Yes 2 (7.1%) 0 (0%) –

The bold values represent statistically significant p<.05 values.
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detected in the tumors ablated with margins above 10mm.
There was no statistical difference between the LTP of
tumors close to the portal veins and peri-hepatic venous
tumors (9.5 versus 11.7months, respectively, p¼ 0.6). A sub-
group analysis revealed a statistical significance of the LTP
rate, in accordance with the association of the ablation mar-
gin and KRAS mutation (Table 4).

Safety assessment

Two grade 4 complications involving venous thrombosis
occurred in the perivascular metastases group. The first
patient developed an abscessed collection in the TA zone,
complicated by a septic right supra hepatic venous throm-
bosis that extended to the IVC, which had to be drained per-
cutaneously. The patient presented with an altered general
condition that contraindicated chemotherapy (Figure 6). The
second patient developed vena cava thrombosis less than
6months after treatment, which was not symptomatic and

partially resolved after anticoagulant therapy. One patient
presented with a grade 3 complication associated with a
perihepatic hemorrhage, with active arterial bleeding from a
capsular artery detected on the CT scan, which was treated
by embolization. Two patients suffered from grade 2 compli-
cations, including one patient with a pneumothorax due to a
pleural pathway, which was drained for 2 days, and one
patient with bilioma that required extended hospitalization.
Five patients suffered from grade 1 complications, including
three patients with mild capsular hematomas and two
asymptomatic segmental dilatations of the intrahepatic
bile ducts.

Discussion

MWA may be an alternative treatment for perivascular meta-
stases from CRCs. A maximalist attitude delivering maximum
power with several heating cycles after needle repositioning
could be related to larger ablation dimensions, larger

Figure 4. Box plot showing the ratio of diameters of the short axes (left) and the ratio of diameters of the long axes (right) of ablation zones (dimensions on MRI
one month after MWA/dimensions on manufacturer’s charts) concerning conventional protocol (black) and optimized protocol (grey).

Figure 5. Graph of time to LTP (p¼ 0.49), recurrence free survival (p¼ 0.52) and overall survival (p¼ 0.54) for perivascular metastases (dotted line) and non-peri-
vascular metastases (full line).
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Table 3. Table showing univariate analysis of factors affecting LTP for perivascular metastases.

No local tumor
progression (n¼ 22)

Local tumor
progression (n¼ 17) p

Age mean (SD) 70.8 (±10.4) 70.3 (±6.84) 0.64
Sex
Female 18 (82%) 14 (82%) 1
Male 4 (18%) 3 (18%) –

Primary tumor location
Right colon 9 (41%) 5 (29%) 0.63
Left colon 7 (32%) 5 (29%) –
Rectum 6 (27%) 7 (41%) –

Colonic obstruction/perforation at the time of initial diagnostic
No 13 (59%) 16 (94%) 0.024
Yes 9 (41%) 1 (5.9%) –

Synchronous or metachronous liver metastasis
Synchronous 13 (59%) 11 (65%) 0.72
Metachronous 9 (41%) 6 (35%) –

Number of liver metastases surgical resections before MWA mean (SD) 0.500 (±0.673) 1.00 (±0.791) 0.044
Rubbia-Brandt TRG after liver metastasis resection
1 1 (17%) 0 (0%) 0.74
2 1 (17%) 1 (17%) –
3 2 (33%) 4 (67%) –
4 2 (33%) 1 (17%) –

Lines of chemotherapy before MWA mean (SD) 1.73 (±0.631) 2.00 (±0.707) 0.23
Time between diagnosis and MWA (months) mean (SD) 24.4 (±19.0) 20.8 (±15.1) 0.76
Number of metastases treated in the same procedure mean (SD) 1.64 (±0.848) 1.88 (±0.857) 0.34
Diameter of MWA index metastasis , mean 14.5 (±7.70) 15.7 (±8.66) 0.64
MWA power
<100W 15 (68%) 13 (76%) 0.72
100W 7 (32%) 4 (24%) –

Protocol, n (%)
Conventional 12 (55%) 15 (88%) 0.024
Optimized 10 (45%) 2 (12%) –
Diameter of vessel, mean 8.57 (±5.55) 9.21 (±5.36) 0.28
Distance metastasis/vessel mean 0.682 (±1.10) 1.38 (±1.71) 0.16
Vessel, n
Portal vein 9 (41%) 4 (24%) 0.71
Hepatic vein 9 (41%) 9 (53%) –
IVC 2 (9.1%) 2 (12%) –
Hepaticþ IVC 2 (9.1%) 2 (12%) –
CAE at the time of MWA mean (SD) 11.0 (±9.59) 5.41 (±2.82) 0.21
CAE at the time of diagnosis mean (SD) 191 (±408) 223 (±482) 1
Surgery of the primary tumor
No 2 (9.5%) 3 (18%) 0.64
Yes 19 (90%) 14 (82%) –

Grade of differentiation of the primary tumor
poorly differentiated 2 (13%) 1 (7.1%) 1
moderately differentiated 6 (40%) 6 (43%) –
well differentiated 7 (47%) 7 (50%) –

Tumors with mucinous component, n (%) 2 (33%) 4 (67%)
Mucinous component mean (SD) 6.47 (±0.184) 20 (±0.330) 0.17
T status after primary tumor resection
1 0 (0%) 1 (6.7%) 0.87
2 3 (14%) 2 (13%) –
3 14 (64%) 9 (60%) –
4 5 (23%) 3 (20%) –

N status after primary tumor resection
0 4 (18%) 3 (19%) 0.91
1 9 (41%) 8 (50%) –
2 9 (41%) 5 (31%) –

Number of positive nodes mean (SD) 2.53 (±2.85) 2.00 (±2.14) 0.81
M status after primary tumor resection
0 10 (45%) 4 (24%) 0.16
1 12 (55%) 13 (76%) –

Number of metastases at the time of diagnosis mean (SD) 1.90 (±2.51) 3.62 (±3.12) 0.034
R status after primary tumor resection
0 22 (100%) 12 (86%) 0.14
1 0 (0%) 2 (14%) –

Perineural invasion
No 12 (71%) 5 (56%) 0.67
Yes 5 (29%) 4 (44%) –

Vascular or lymphatic invasion
No 12 (71%) 6 (67%) 1
Yes 5 (29%) 3 (33%) –

Kras mutation
No 4 (36%) 6 (55%) 0.39
Yes 7 (64%) 5 (45%) –

Ablation margin (mm)
<1 1 (9%) 10 (91%) <0.001
2–5 8 (57%) 6 (43%)
6–10 5 (83%) 1 (17%)
> 10 8 (100%) 0 (0%)

The bold values represent statistically significant p<.05 values.
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minimum ablation margins, and better local control. Risk fac-
tors for LTP seem to be related to the patient’s disease his-
tory (colonic obstructionor a perforation at the time of initial
diagnosis, the number of metastases at the time of diagno-
sis, and the number of surgical resections of liver metastases
before MWA) and to the ablation protocol with the primary

focus on controlling minimum ablation margins. There was
no LTP with margins above 10mm, confirming the import-
ance of achieving optimal minimum margins above 10mm
during liver MWA of perivascular metastases from CRC.
Particular attention should be paid to the MWA close to the
hepatic veins, especially in patients with a history of

Figure 6. Patient followed for recto sigmoid adenocarcinoma with synchronous bi-lobar hepatic metastases. Ten FOLFOX cures were performed. The good
response to this neoadjuvant treatment made it possible to perform liver surgery by left hepatectomy, on histological examination, two tumors compatible with a
Lieberk€uhnien adenocarcinoma moderately differentiated and tumor regression TRG3 with complete exeresis. A few months later, appearance of two tumors of
less than 2 cm in the liver treated by stereotactic radiotherapy. A few months later, recurrence on the hepatectomy slices with MTB decision to perform a percutan-
eous thermo-ablation. Images A and B are axial (A) and coronal (B) reconstruction scans with intravenous injection of contrast material at portal phase showing
metastasis (black arrow) and vascular contact with the right suprahepatic vein (white dotted arrow) and the portal branch of segment VIII (white arrow). Image (C)
is a T1-weighted axial MRI acquisition after injection of gadolinium portal phase, showing stereotactic radiotherapy sequellae as a hyper vascularization zone (black
asterix). A few weeks later, an alteration in the general state appeared, with evidence of septic thrombosis of the right hepatic vein. Images E and F are scanner
acquisitions after intravenous injection of contrast medium at portal phase, showing a probable abcedation of the microwave zone with the presence of a hydro-
aerous level (black dotted arrow) and fistulization of the right atrium. This case highlights the precautions to be taken in the treatment of CRC metastases close to
large vessels by microwave on a weakened hepatic parenchyma. Indeed, the modification related to radiotherapy combined with the effect of microwaves is prob-
ably responsible for this complication.

Table 4. Table showing LTP rates according to margin size and Kras mutation.

Minimal marginþ Kras status
Local tumor

progression (n¼ 17)
No local tumor

progression (n¼ 22) p

<1mmþ Kras wild type 5 (29%) 0 0.00003
<1mmþ Kras mutant 0 0
2–5mmþ Kras wild type 6 (35%) 4 (18%)
2–5mmþ Kras mutant 5 (30%) 0
6–10mmþ Kras wild type 1 (6%) 7 (32%)
6–10mmþ Kras mutant 0 4 (18%)
>10mmþ Kras wild type 0 4 (18%)
>10mm Kras mutant 0 3 (14%)

LTP rates according to margin size and Kras mutation.
The bold values represent statistically significant p<.05 values.
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stereotaxic radiotherapy or hepatectomy, as there is a risk
of thrombosis.

The role of percutaneous TA in the treatment of liver
metastases from CRC has evolved greatly, owing to the
growing knowledge regarding the factors affecting the out-
comes and the understanding regarding the importance of
minimal margins. In selected patients, liver TA can be consid-
ered as a curative treatment similar to surgery, but with less
morbidity. MWA is known to have special characteristics,
compared to RFA, such as higher intratumoral temperatures,
larger ablation zones, shorter ablation time, and lesser
dependence on electrical conductivity. MWA is thought to
be less sensitive to HSE as it does not propagate by electrical
conduction. Theoretically, there is no attenuation of ablative
energy in the tissue due to flow within the vessels [21]. Fan
et al. [22] compared microwave and monopolar RFA in pig
liver in-vivo, demonstrating that the diameters of the long
and short axes for all microwave power settings were larger,
compared to RFA, and that the time taken for the tempera-
ture to reach 60 �C was significantly faster in MWA.
Recurrence rates after monopolar RFA are particularly high in
metastases adjacent to large vessels [23].

Multipolar RFA has recently been developed to overcome
this issue and seems to offer better performance, especially
with regard to HSE [24]. However, these results are contra-
dictory to the in-vitro studies. Poch et al. [25] concluded that
a vascular cooling effect also occurs, independent of the
geometry of multipolar RFA applicators, on in-vitro liver ves-
sel flow simulations. Some studies have attempted to com-
pare the efficacy of multipolar RFA with MWA. Huo et al. [26]
reported that MWA and RFA allowed for similar one- and
five-year OS, disease-free survival, local recurrence rates, and
adverse events. However, comparisons between these techni-
ques require randomized controlled studies. The main theor-
etical advantage of MWA over multipolar RFA is that MWA is
not dependent on tissue electrical conductivity. The advan-
tage highlighted by our study is the possibility of reposition-
ing a single needle in a simple way and to adjust the power
and heating time, so as to have maximum values without
being limited by roll-off. However, HSE remains the main
limitation of MWA.

In practice, the heat dissipation effect must exist, regard-
less of the TA employed, including MWA [27]. Ringe et al.
observed a significant flow-dependent HSE from a radius of
15mm around the vessels. The current study confirmed this
hypothesis and found that the short axis dimensions of peri-
vascular ablations were smaller when the exact man-
ufacturer’s charts are applied. In contrast to the present
study, Urbanos et al. demonstrated that vascular proximity
was a risk factor for local recurrence [28]. This difference
could be attributed to the fact that the current study used
an ‘optimized protocol’ for the treatment of perivascular
tumors. In order to solve this problem that is inherent to any
perivascular thermal ablation, some authors have proposed
solutions to avoid heat dissipation. Nie et al. [29] proposed a
numerical model exploring the HSE effect in MWA and con-
cluded that when the needle is at a distance of less than
10mm from a vessel, it is essential to take certain effective

and reasonable measures to avoid causing an asymmetric
shape of the area near the blood vessels. These results are
concurrent with those of the current study. Indeed, the
implementation of an optimized ablation protocol appears to
allow better local control.

The safety and efficacy of MWA for perivascular metasta-
ses remains an active area for research. The efficacy of MWA
in the treatment of perivascular tumors has already been
studied through a surgical approach, but not through a per-
cutaneous approach. Rhaiem et al. [30] recently published a
study in this context, but combined MWA with a pringle
maneuver. Ren et al. [31] studied the efficacy of ethanol
injection along with MWA for liver tumors adjacent to the
hilum. Unfortunately, the patient group only included three
patients with metastases. Shady et al. [13] performed a retro-
spective review that compared MWA with RFA in the treat-
ment of perivascular metastases from CRC. The present study
obtained the same results as the study by Shady et al. per-
taining to the perivascular data regarding MWA. Significant
predictors of shorter LTP free survival on univariate analysis
for MWA were ablation margins of 5mm or less (p< 0.001).
No LTP was observed in the tumors ablated with margins
over 10mm and perivascular tumors were not predictive of
LTP (p¼ 0.43), which was concurrent with the current study.
One difference between the results of the two studies is that
the absence of history of prior liver resection was a signifi-
cant predictor of shorter LTP (p< 0.013) in the study by
Shady et al. In the current study, the mean number of surgi-
cal resections of liver metastases before MWA was 0.500
(±0.673) in the group without LTP and 1.00 (±0.791) in the
group with LTP (p¼ 0.044). Regardless of the TA technique
employed, a major predictor of local response reported by
several studies is the ablation margin [32]. A recent study
has emphasized the relation of a margin of 10mm or larger
with complete tumor control [33]. Our study obtained quite
similar results, without LTP for minimal margins above
10mm, and a very high rate of LTP (around 90% in our
study) for margins less than 1mm. In the study by Kurilova
et al., minimal margins above 10mm offered optimal tumor
control with no LTP, compared with the LTP rates of 26% for
margins of 6 and 10mm (p¼ 0.0001), 60% for margins of 1
and 5mm (p¼ 0.0001), and 79% for no margin or 0mm
(p¼ 0.0001). This study also described factors associated with
complications according to the ablation margins. Prior hep-
atic arterial infusion therapy was associated with increased
major complications (p¼ 0.004), especially biliary complica-
tions. These findings were not observed in the present study.

No significant association between KRAS mutation and
LTP was observed in the current study, which is concurrent
with some previous studies [34]. However, the subgroup ana-
lysis associating KRAS mutation and ablation margins
revealed a significant association with LTP. These results are
not totally consistent with other study results demonstrating
that mutant RAS is associated with an earlier and higher rate
of LTP [35]. In the study by Odisio et al. [35], involving 92
patients, 39% had mutant RAS. The rates of LTP were 14%
for patients with the wild-type RAS and 39% for patients
with mutant RAS (p¼ 0.007). The actuarial 3-year LTP-free
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survival rate was worse in patients with mutant RAS than in
those with the wild-type RAS. Shady et al. [34] and Calandri
et al. [36] further investigated the interaction between RAS
status and minimal ablation margins. Shady et al. found that
KRAS mutation was a significant predictor of overall survival,
and new liver and peritoneal metastases after RFA and rec-
ommended a minimal ablation margin of at least 6mm espe-
cially for the RAS mutant. Calandri et al. found that the
minimal ablation margin and RAS status interacted as inde-
pendent predictors of LTP-free survival. They concluded that
minimal ablation margins over 10mm should always be the
procedural goal and this became especially critical for
mutant RAS. The general point to be retained considering
RAS status and ablation margins is that the major objective
of any liver thermal ablation is to achieve minimum ablation
margins of at least 10mm and that particular attention
should be paid to patients with mutant RAS for whom a
minimal ablation margin of 10mm is critical. Unlike the study
by Yamashita et al., the embryonic origin of primary colon
cancer was not observed to be a predictor of LTP in the pre-
sent study [37]. Other predictors, such as Ki 67, have not
been investigated here [38].

The current study has several limitations. First, it was a
retrospective study. Consequently, an inherent selection bias
was inevitable. Second, only a small number of patients
underwent MWA with an optimized protocol. Contrast-
enhanced CT scans were not performed after each proced-
ure, in order to preserve the kidney function. The complete-
ness of ablation was assessed using MRI images obtained
1month after MWA, which may have artificially underesti-
mated the technical efficiency. This is non-compliant with
the guidelines and represents an important limitation of the
study. The evaluation of ablation zones with immediate post-
RFA triple-phase CT is associated with a significantly lower
LTP rate [32]. Given the importance of ablation zone assess-
ment immediately after liver thermal ablation, some studies
have developed innovative techniques for tissue characteriza-
tion. A potential real-time biomarker of complete tumor abla-
tion has been found using a rapid fluorescent tissue
examination [39]. Diffuse reflectance spectroscopy may also
allow accurate quantification of thermal tissue damage after
RFA, improving the accuracy and quality of the procedures
by lowering incomplete ablation rates [40]. Ablation margins
were assessed using a simple two-dimensional method, the
same method used in prior papers [15]. A more recent,
accurate method could have been used [41]. The present
study did involve long-term patient follow-up. No detailed
data regarding further treatment after disease recurrence
were available to comprehend the survival data, owing to
the heterogeneity of subsequent management and missing
data. A prospective study is necessary to compare the con-
ventional and optimized ablation of perivascular metastases.

Conclusion

MWA is an effective and safe treatment for perivascular liver
metastases from CRC, provided that satisfactory margins are
achieved. An optimal attitude delivering maximum power

with several heating cycles after needle repositioning could
be related to larger ablation dimensions, larger minimum
ablation margins, and better local control. Minimum ablation
margins are essential for ensuring local control. A minimal
margin of above 10mm should be targeted. Particular atten-
tion should be paid to the risk of hepatic vein thrombosis.
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