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How-I-Do-It

Microwave ablation (MWA) for colorectal liver metastasis (CLM) has been traditionally considered inferior to surgery due to the high-
er rate of local recurrence. The study investigated whether a safety margin of 10 mm can improve local control in patients undergoing 
surgical MWA. Surgical MWA was used to treat 53 lesions in 22 patients with CLM at our Institution from June 2012 to June 2017. The 
patients’ mean age was 64.5 years, and the median size of the lesion was 16.5 mm (9–34 mm). MWA was associated with liver resection 
in 16 patients (72.7%). The median follow-up was 32.4 months. Univariate and multivariate analyses were performed to identify factors 
associated with tumor recurrence. Median ablation area was 36.6 mm2 (30–50 mm2). The complication rate was 22.7%. No local re-
currence was observed during follow-up. Disease-free survival was 20 months (4.8–55.2 months). Univariate analysis revealed that the 
number of liver metastases and node-positive primary tumors were associated with tumor recurrence. Multivariate analysis revealed 
that node-positive primary tumor was the only factor significantly associated with tumor recurrence (p = 0.049; odds ratio, 12; 95% 
confidence interval, 1–143). When performed with a 10-mm safety margin, surgical MWA can lead to acceptable oncological outcomes 
with low morbidity. Therefore, it represents a good option in selected patients with CLM.

Key Words: Liver; Colorectal neoplasm; Microwaves

pISSN: 2508-5778ㆍeISSN: 2508-5859
Ann Hepatobiliary Pancreat Surg 2021;25:366-370
https://doi.org/10.14701/ahbps.2021.25.3.366

INTRODUCTION

Microwave ablation (MWA) can be used to treat patients with 
colorectal liver metastasis (CLM) when surgery is not indicated 
[1]. Although some investigators have reported encouraging 
oncological outcomes, a local recurrence of 5%–13% following 
MWA for CLM has been reported, suggesting inadequate evi-
dence to recommend MWA as the primary treatment for CLM 
[2,3].

Recent studies suggested that ablation margin is an indepen-
dent prognostic factor associated with recurrence in patients 
with hepatocellular carcinoma treated with radiofrequency 
ablation (RFA). However, there is no consensus on margin ex-
tension, and a 5 to 10-mm safety margin is advised, especially 
in case of larger tumors [4-6].

A recent prospective randomized trial showed significant re-
duction of tumor recurrence in cirrhotic patients under Child-
Pugh class B with a single small hepatocellular carcinoma 
when RFA treatment was used with a targeting margin of 10 
mm [7]. However, none of the studies analyzed the role of 10-
mm safety margin following MWA of CLM.

The aim of our study is to analyze the oncological outcomes 
of patients with CLM treated via surgical MWA and a 10 mm 
safety margin at our Institution. We identified the factors asso-
ciated with poorer survival in these patients.
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MATERIALS AND METHODS

We retrospectively reviewed all patients diagnosed with CLM 
from June 2012 to June 2017 and treated via surgical MWA at 
our center. Data were extracted from a prospectively main-
tained database. All demographic, clinical, operative, patho-
logical, and follow-up data were collected.

Inclusion and exclusion criteria
The inclusion criteria were as follows: liver metastasis based 

on computed tomography (CT) scan with or without magnet-
ic resonance imaging (MRI) with a histological diagnosis of 
colorectal carcinoma following biopsy of the primary tumor 
or a history of colorectal surgery; no previous or simultane-
ous malignancy; no previous liver surgery or ablation. Only 
patients indicated for MWA during surgery (open surgical 
approach) were considered for this study. Open ablation was 
indicated by a synchronous surgical approach or when lapa-
roscopic ablation was contraindicated. The exclusion criteria 
were as follows: patients who refused to undergo MWA as 
the initial ablation treatment; patients with exophytic tumor, 
perivascular or peribiliary lesions and presence of extrahepatic 
disease. Perivascular lesions were defined by the location of the 
nearest margin ≤ 5 mm from a vessel measuring at least 4 mm 
in diameter. Peribiliary lesions were defined as lesions with 
the nearest margin ≤ 5 mm from the main right or left hepatic 
duct. We consider perivascular or peribiliary lesions as a con-
traindication for MWA at our center. In such cases, we perform 
irreversible electroporation when feasible. Patients with miss-
ing data or patients lost to follow-up (follow-up < 12 months 
after ablation) were excluded, as were patients who failed to 
provide contrast-enhanced CT or MRI results acquired a max-
imum of 4 weeks prior to the initial procedure. Lesions treated 
with MWA that were undetectable on pre-procedural CT but 
found and treated during laparotomy were also excluded from 
analysis.

Ablation technique 
Intraoperative evaluation of a 10-mm safety margin was 

performed via intraoperative ultrasonography (US). Once the 
lesion was reached with an MWA needle via US, the ablation 
area (circumferentially exceeding the original diameter by 10 
mm) was defined by entering the appropriate time and wattage. 
Ablation was monitored via US during the procedure. Further 
ablations were performed in case of suspected incomplete pro-
cedure.

Two experienced radiologists (MA and AI) reviewed the 
imaging data. All patients underwent a contrast-enhanced CT 
with or without liver MRI 4 weeks after the procedure. Preop-
erative tumor size and ablation area were compared and a sec-
ond ablation was considered if necessary. “Local recurrence” 
was defined by the presence of tumor within, or not dissociated 
from the ablation area of the MWA zone at follow-up. “Intra-

hepatic recurrence” was defined by the presence of tumor in 
any other liver site. The follow-up imaging protocol involved 
3, 6, 12, 18, and 24 months of follow-up CT scans. Complica-
tions were graded according to Clavien–Dindo classification 
[8]. All procedures were performed according to the guidelines 
for good clinical practice. Due to the retrospective analysis of 
these data, a formal review board approval was waived since 
the patients were not subjected to procedural rules.

Outcome measures
The primary outcome measure was local recurrence during 

follow-up. Secondary outcomes were complications and dis-
ease-free survival.

Statistical analysis
Frequencies were compared using chi-squared or Fisher’s 

exact tests. Continuous data were compared using the indepen-
dent samples t-test or the Mann–Whitney U test, depending 
on whether or not they were normally distributed. Continuous 
variables were expressed as medians and/or ranges. Data were 
previously tested for normality by the Kolmogorov–Smirnov 
test. The univariate analyses revealed variables associated with 
disease recurrence. Multivariate analysis of statistically signifi-
cant variables (p < 0.05) was performed using binary logistic 
regression. Disease-free survival (DFS) was calculated using 
the Kaplan-Meier analysis. Statistical analyses were performed 
using IBM SPSS ver. 19 (IBM Corp., Armonk, NY, USA).

RESULTS

The study analyzed 22 out of 280 patients undergoing liver 
resection and/or open ablation during the study period. Sub-
jects without CLM (91 patients) and those exposed to surgical 
resection only (167 patients) were excluded.

Fifty-three lesions involving 22 patients with CLM were con-
secutively treated with surgical MWA at our Institution from 
June 2012 to June 2017. 

The mean age was 64.5 years, and the median size of the le-
sion was 16.5 mm (9–34 mm). Preoperative carcinoembryonic 
antigen (CEA) level was 7.3 ng/mL. Indications for MWA in 
CLM patients were: unresectable bilobar metastases with a sin-
gle-stage procedure in 16 patients (72.7%) and high-risk liver 
resection in 6 patients (27.3%).

Sixteen patients underwent combined surgical resection and 
MWA. Fifteen patients underwent parenchyma-sparing minor 
resection and one patient was treated via major hepatectomy. 
No R1 liver resections were performed in the 16 patients who 
received combined MWA and surgical resection. The pattern 
of these procedures is presented in Fig. 1. Median follow-up 
was conducted at 32.4 months. Demographic and clinical data 
are shown in Table 1. Table 2 presents the different tumor char-
acteristics of patients who underwent surgical resection and 
MWA compared with patients who underwent only MWA. 
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Clavien–Dindo 3–4 complications occurred in 22.7% of pa-
tients. No mortality was observed. Median ablation area was 
36.6 mm2 (30–50 mm2). One patient received further ablation 
one month after the first procedure due to suspected residual 

disease. No local recurrence was detected during follow-up. 
Median DFS was 20 months (4.8–55.2 months). DFS at 2-year 
follow-up was 38.0%. Tumour recurrence (systemic or intra-
hepatic) occurred in 13 out of 22 patients (59.1%). Liver-only 
recurrence (not related to primary procedure) was recorded in 
8 patients (36.4%). DFS rates are presented in Fig. 2.

Univariate analysis revealed a number of liver metastases and 

Table 1. Demographic and clinical data

Variable Value

Female 17 (77.3)
Age (yr) 64.5 (40–83)
ASA score
   II
   III

5 (22.7)
17 (77.3)

Preoperative CEA levels (ng/mL) 7.3 (1.4–26.6)
Preoperative lesion size (mm) 16.5 (9–34)
Postoperative ablation area (mm2) 36.6 (30–50)
Patients with synchronous CLM 17 (77.3)
MWA W 55.3 (20–140)
Patients with multiple CLM treated with MWA 19 (86.4)
Wild K-RAS status 6 (27.3)
Neoadjuvant chemotherapya) 12 (54.5)
Adjuvant chemotherapya) 9 (40.9)
MWA + synchronous liver resection 16 (72.7)
Postoperative complications 5 (22.7)

Values are presented as number (%) or median (range).
ASA, American Society of Anesthesiologists; CEA, carcinoembryonic 
antigen; CLM, colorectal liver metastasis; MWA W, microwave ablation 
watts. 
a)Liver directed chemotherapy.

Table 2. Tumor characteristics of patients who underwent surgery com-
bined with MWA or only MWA

Variable

Surgical 
resection + 

MWA  
(n = 16)

MWA only  
(n = 6)

Total  
(n = 22)

Primary tumour location
   Right – transverse colon 4 (25.0) 3 (50.0) 7 (31.8)
   Left colon 8 (50.0) 2 (33.3) 10 (45.5)
   Rectum 4 (25.0) 1 (16.7) 5 (22.7)
Synchronous metastasis 10 (62.5) 2 (33.3) 12 (54.5)
Bilobar lesions 14 (87.5) 3 (50.0) 17 (77.3)
> 3 segment involved 9 (56.3) 1 (16.7) 10 (45.5)
RAS status
   Mutated 12 (75.0) 4 (66.7) 16 (72.7)
   Wild type 4 (25.0) 2 (33.3) 6 (27.3)
Neoadjuvant therapy 9 (56.3) 3 (50.0) 12 (54.5)
Preoperative CEA (ng/mL) 7.3 (2.1–23.3) 7.2 (1.4–26.6) 7.3 (1.4–26.6)

Values are presented as number (%) or median (range).
MWA, microwave ablation; CEA, carcinoembryonic antigen.

Fig. 1. Computed tomography scan of 
a patient with multiple liver metastases 
before the operation (A, B) and 4 weeks 
after microwave ablation (MWA) and liver 
resection (C, D). Images (A, C) show liver 
metastasis before and after MWA with a 10-
mm margin. Synchronous liver resection was 
also performed (B. D).

A B

C D
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node-positive primary tumors associated with tumor recur-
rence (p = 0.019 and 0.013 respectively). Tumor size, synchro-
nous metastasis and CEA > 200 ng/mL were not associated 
with tumor recurrence (Table 3). 

Results of multivariate analysis revealed that node-positive 
primary tumor was the only factor significantly associated 
with tumor recurrence (p = 0.049; odds ratio, 12; 95% confi-
dence interval, 1–143) (Table 4).

DISCUSSION

In this study, we demonstrated that MWA with a 10-mm 
safety margin was not associated with local recurrence and re-
sulted in low complication rates.

MWA represents a specific form of dielectric heating. Tissue 
heating occurs as some of the absorbed electromagnetic energy 
is converted to heat [9]. Surgical resection is still considered the 
gold standard for the treatment of colorectal liver metastases 
[3,10]. The issue of recurrence has been of great importance, 
especially in lesions located near large vessels due to the heat-
sink effect. However, descriptive series comparing survival 
outcomes in surgical resection and ablation are eclipsed by se-
lection bias [11]. 

In our study, we did not observe any local recurrence. Post-
operative ablation was performed only in one case without 
compromising the local recurrence rate. The majority of our 
patients underwent combined surgical and ablation therapy, 
which could influence the survival analysis. However, DFS in 
our group of patients was comparable to the reported outcomes 
following surgical resection and prompted a randomized con-
trolled trial comparing surgical resection with MWA involving 
10-mm ablation margin. Beppu et al. [12] described a series of 
720 patients undergoing liver resection for CLM and reported 
DFS rates of 38.5% and 31.2% at 2 and 3 years, respectively.

MWA is indicated in two scenarios: bilobar disease not 
amenable to single-stage resection and high-risk disease that 

is contraindicated for percutaneous approach. Most of the 
patients in our study underwent synchronous surgical resec-
tion and the favourable outcomes are in line with other recent 
studies, which have also demonstrated similar survival rates 
following single-stage hepatectomy and MWA compared to 
two-stage hepatectomy, with less overall morbidity [13]. The 
results of our study open the door to a combined approach for 
patients with bilobar disease who are candidates for two-stage 
procedures including preoperative portal vein embolization 
and associated liver partition and portal vein ligation for staged 
hepatectomy (ALPPS); long-term outcomes are still limited for 
these procedures and are associated with high morbidity and 
mortality [14].

This study has several limitations. First, the number of pa-
tients enrolled in this analysis is small. However, the main goal 
was to assess the local recurrence rate following MWA and 
therefore 53 procedures may be a fair sample size to study this 
effect during a nearly 3-year follow-up. Second, all the proce-
dures were performed via open surgical approach which is a 
more invasive procedure compared with laparoscopy. However, 
some experts have previously reported that open approach was 
superior in terms of local efficacy, and laparoscopic ultra-
sound-guided positioning of ablation needle is a challenge es-
pecially for posterior liver segments [15,16]. Finally, no control 
group was available for our analysis, since we started our MWA 
program in 2012 with a 10 mm ablation margin, and percuta-
neous ablations in our centers are performed via RFA. Also, 
since our local recurrence rate was nil, a comparison group 
treated with other strategies was not considered.

In conclusion, this is the first study evaluating the impact of 
a 10-mm MWA ablation margin for the treatment of CLM. In 
our study, MWA yielded excellent oncological outcomes with 

Fig. 2. Disease free-survival (Kaplan–Meier).
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Table 3. Univariate analysis of factors associated with DFS

Variable
Disease 

recurrence 
group

No 
recurrence 

group
p-value

Number of liver metastasis 4 (2–9) 2 (1–4) 0.019
Node positive primary tumour 12 (54.5) 1 (4.5) 0.013
Tumour size (mm) 16.2 (10–33) 17 (9–34) 0.858
Synchronous metastasis 9 (40.9) 4 (18.2) 0.662
CEA > 200 ng/mL 3 (13.6) 1 (4.5) 0.474

Values are presented as number (range), number (%) or median (range).
DFS, disease-free survival; CEA, carcinoembryonic antigen.

Table 4. Multivariate analysis of factors associated with DFS

Variable OR 95% CI p-value

No. of liver metastasis 0.9 0.4–7.2 0.892
Node positive primary tumour (n) 12 1–143 0.049

DFS, disease-free survival; OR, odds ratio; CI, confidence interval.
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low morbidity, and therefore represents an acceptable option 
not only for high-risk patients but also as an alternative to ag-
gressive surgery in selected cases. 

However, in the absence of a randomized controlled trial 
comparing surgical resection with MWA using a 10 mm abla-
tion margin, thermal ablation should still be reserved for pa-
tients who are contraindicated for surgical resection.
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