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Is percutaneous destruction of a solitary liver colorectal metastasis
as effective as a resection?
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Backgrounds/Aims: Surgical resection remains the gold standard in the treatment of colorectal liver metastasis. However, 
when a patient presents with a deep solitary colorectal liver metastasis (S-CLM), the balance between the hepatic 
volume sacrificed and the S-CLM volume is sometimes clearly unappropriated. Thus, alternatives to surgery, such 
as operative and percutaneous radiofrequency ablation (RFA) and microwave ablation (MWA), have been developed. 
This study aimed to identify the prognostic factors affecting survival of patients with S-CLM who undergo curative-intent 
liver resection or local destruction (RFA or MWA). Methods: We retrospectively identified 211 patients with synchronous 
or metachronous S-CLM who underwent either surgical resection (n=182) or local destruction (RFA or MWA; n=29) 
according to the S-CLM size, location, and surrounding Glissonian structures. Results: Patients who underwent RFA 
or MWA had S-CLM of a smaller size than those who underwent resection (mean 19.7 vs. 37.3 mm, p＜.01). The 
1-, 3-, and 5-year overall survival (OS) rates were 97.4%, 84.9%, and 74.9%, respectively. The 1-, 3-, and 5-year 
disease-free survival (DFS) rates were 77.9%, 47%, and 38.9%, respectively. S-CLM located in the left liver (p=.04), 
S-CLM KRAS mutation (p＜.01), and extra-hepatic recurrence (p＜.01) were identified as independent poor risk factors 
for overall survival (OS); the OS and DFS were comparable in patients with surgical procedure or percutaneous MWA. 
Conclusions: In eligible S-CLM cases, percutaneous MWA seems to be as oncologically efficient as surgical resection 
and should be include in the decision-tree for treatment strategies. (Ann Hepatobiliary Pancreat Surg 2021;25:198-205)
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INTRODUCTION

When feasible, surgical resection remains the gold 

standard in the treatment of colorectal liver metastasis 

(CLM). In a previous study, patients who underwent com-

plete resection of initially unresectable bilobar CLM bene-

fited from extreme strategies such as a two-stage hepatec-

tomy.1 Moreover, the outcomes after parenchyma-sparing 

hepatectomy were comparable to those after major hepa-

tectomy.2 Consequently, in the case of multiple peripheral 

CLM, parenchyma-sparing resection is preferred for re-

ducing postoperative morbidity and sparing the paren-

chyma from the perspective of iterative hepatectomy. In-

versely, among patients with hepatic disease spread, those 

with solitary CLM (S-CLM) that are present in a deep lo-

cation may undergo major hepatectomy. In this situation, 

the balance between the hepatic volume sacrificed and the 

S-CLM volume is sometimes clearly unappropriated. Al-

ternatives to surgery, such as operative and percutaneous 

radiofrequency ablation (RFA)3 and microwave ablation 

(MWA),4 have been developed. While these techniques 

are useful for deep S-CLM in terms of hepatic paren-

chyma sparing, they have contrasting outcomes. These 

procedures are associated with increased local recurrence 

rates5 and are not the first choice for curative-intent strat-

egies; however, local destruction leads to reduced morbid-

ity6 and a reduced length of hospital stay7 compared with 

surgical resection. The choice between these treatment 
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types is crucial because many patients may benefit from 

adjuvant chemotherapy;8 major resection with poor post-

operative outcomes may delay or prevent the administrat-

ion of such treatment, directly affecting survival. 

This study aimed to identify the prognostic factors af-

fecting the recurrence in and survival of patients with 

S-CLM who undergo curative-intent liver resection or lo-

cal destruction.

MATERIALS AND METHODS

Patient selection

From January 1, 2005 to June 31, 2018, 211 consecu-

tive patients were retrospectively identified with a S-CLM 

and no extra-hepatic disease, and underwent a liver proce-

dure at Institut Paoli-Calmettes (Marseille, France). All 

patient data were entered prospectively into a clinical da-

tabase (NCT03686137) and the study was approved by the 

Institutional Review Board (PACA-0118). Patients eligi-

ble for the present study met the following criteria: a) had 

synchronous or metachronous S-CLM, and b) had cura-

tive-intent treatment (i.e., patients for whom local destruc-

tion was decided on instead of surgery owing to poor clin-

ical status/severe comorbidities or reduced life expectancy 

were excluded). In addition, they had to provide written 

informed consent.

All patients were initially staged by a physical exami-

nation, thoraco-abdominal computerized tomography (CT- 

scan), and carcinoembryonic antigen serum level. Owing 

to the period of inclusion, patients underwent routine liver 

magnetic resonance imaging but not positron emission 

tomography. After staging and before treatment initiation, 

all cases were discussed during a multidisciplinary board 

meeting, comprising an oncologist, at least one hepatic 

surgeon expert and one expert radiologist, for the appro-

priate selection of neoadjuvant chemotherapy or upfront 

resection/RFA/MWA. Criteria required for the achieve-

ment of local destruction were: non-sub-capsular location, 

S-CLM size ＜30 mm, absence of direct contact with a 

major Glissonian structure (i.e., left/right or sectorial Glisso-

nian pedicles). If neoadjuvant chemotherapy was ad-

ministered, patients were re-staged within 4 weeks before 

surgery. In patients with synchronous S-CLM, combined 

resection (i.e., colorectal resection and liver procedure) or 

staged resection was decided on.

Surgical or percutaneous approach 

Owing to the period of inclusion, during the multi-

disciplinary board meeting, both hepatic surgeons and ra-

diologists decided on the appropriate management of S-CLM 

using either a surgical (comprising resection (parenchyma- 

sparing hepatectomy [PSH] or non-PSH), or RFA) or per-

cutaneous (MWA; introduced in our institution since 2012) 

approach. Liver resection could be achieved through lapa-

rotomy or a laparoscopic approach according to the sur-

geon’s preference. A thorough abdominal exploration was 

first performed to eliminate carcinomatosis; intraoperative 

liver ultrasound was then routinely performed to confirm 

a) the uniqueness of the S-CLM and b) liver procedure 

to be used. Non-PSH procedures comprised hemi-hep-

atectomy or extended hemi-hepatectomy (after portal vein 

embolization); PSH included atypical resection, segmen-

tectomy or bi-segmentectomy. Surgery was conducted with-

out routine pedicular clampage,9 and all specimens were 

inked for the facilitation of margin assessment. Intraoper-

ative RFA was performed with the Olympus Celon SystemⓇ 

(Shinjuku-ku, Tokyo 163-0914, Japan). Abdominal drain 

was disposed only after extended hemi-hepatectomy.10

Percutaneous MWA under ultrasound or CT guidance 

was performed with the Ethicon Neuwave MWA SystemⓇ 

(Ethicon US, LLS); patients were expected to be dis-

charged home on the same day or the day after the 

procedure. Patients with percutaneous MWA could under-

go resection of the colorectal cancer the day after MWA, 

consequently with a prolonged length of hospital stay.

Study parameters

The variables evaluated included age, sex, primary tu-

mor location (i.e., colon or rectum), synchronous or meta-

chronous disease, neoadjuvant treatment administration 

and number of cycles prior to S-CLM treatment, serum 

carcinoembryonic antigen level (UI/ml), segment and hemi- 

liver (i.e., right or left) location of the S-CLM based on 

the tumor center, type of surgery (i.e., PSH or non-PSH), 

synchronous resection of primary tumor, morbidity (accord-

ing to the Clavien-Dindo classification),11 30-day mortal-

ity (or before hospital discharge), length of hospital stay, 

and readmission, as well as adjuvant treatment admini-

stration. Data on the margin status in patients who under-

went surgical resection (a resection margin ＜1 mm was 

considered ‘involved’ (R1)),12 S-CLM size (mm; based on 
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Table 1. Clinical characteristics of the study sample

Sex ratio M/F 1.48
Mean age (±SD) (years) 65.3 (±10.38)
Primary tumor
  Colon (%) 143 (67.8)
  Rectum (%) 68 (32.2)
Synchronous disease (%) 84 (39.8)
Mean serum CEA level (UI/ml) (±SD) 48.6 (±103)
S-CLM location
  Right liver (%) 139 (65.9)
    Segment 5 32
    Segment 6 28
    Segment 7 56
    Segment 8 23
  Left liver (%) 72 (34.1)
    Segment 1 2
    Segment 2 28
    Segment 3 11
    Segment 4 31
Neoadjuvant chemotherapy (%) 131 (62.1)
  Median number of cycles (range) 4 (2-18)

CEA, carcinoembryonic antigen; S-CLM, solitary colorectal 
liver metastasis; SD, standard deviation

specimen examination or preoperative imaging in patients 

who underwent RFA or MWA), and S-CLM mutational 

status (i.e., KRAS, NRAS, and BRAF mutations) were al-

so recorded. Disease recurrence date and site (i.e., hepatic 

or extra-hepatic) were noted for disease-free survival (DFS) 

evaluation. The date of death (or the censor date: Decem-

ber 1, 2018) was also recorded to permit the evaluation 

of overall survival (OS). 

Statistical analysis 

Data analyses were performed using GraphPad Prism 

software, version 5.0d (GraphPad Software Inc., La Jolla, 

CA) and SAS statistical software version 9.1 (SAS Insti-

tute, Inc., Cary, NC). Categorical factors were compared 

using Fisher’s exact test, and continuous variables using 

Student’s t test. The association of categorical factors with 

survival was assessed using the Kaplan-Meier method and 

was tested using the Wilcoxon test. Statistical significance 

was set at p＜.05. Prognostic factors with p＜.1 in the 

univariable analysis or that are known to impact DFS or 

OS were entered into a multivariable regression model for 

the determination of independent predictors.

RESULTS

Patient characteristics

Among the 211 patients, 139 had a right-sided (65.9%) 

and 72 a left-sided (34.1%) S-CLM. Neoadjuvant chemo-

therapy was decided on and administered in 131 patients 

(62.1%). A surgical approach was used in 195 patients 

(92.4%), whereas a percutaneous approach with MWA 

was used in 16 patients (7.6%). S-CLMs were located on 

average 28.3mm (range 1-120) from the surface of the liv-

er; MWA-treated S-CLMs were more deeply located (39.6 

versus 26.4mm; p=.04). Of the patients with synchronous 

disease (n=84), 52 (61.9%) underwent simultaneous pri-

mary tumor resection (Table 1).

Surgical or percutaneous approaches

Among patients in whom a surgical approach was used 

(n=195), PSH, non-PSH, and RFA were administered in 

117 (60%), 65 (33.3%), and 13 (6.7%) patients, respec-

tively. The overall morbidity was 24.6% (grade 3-4 mor-

bidity 2.6%) and there was an absence of mortality. The 

length of hospital stay was 9 days (range, 4-31 days), and 

the readmission rate was 1%.

Among patients in whom a percutaneous approach was 

employed (n=16), the overall morbidity was 6.2% (one 

patient experienced a grade 2 wound hematoma), and 

there was an absence of mortality. The mean length of 

hospital stay was 2 days (range, 1-5), and none of the pa-

tients experienced readmission. 

In total, 142 patients (67.3%) received adjuvant chemo-

therapy (Table 2).

Pathologic findings 

The mean S-CLM size was 34.9 mm (range, 5-210 

mm); patients who underwent RFA or MWA had a small-

er S-CLM size than those with resection (19.7 vs. 37.3 

mm, p＜.01). In patients with resection (n=182), R1 re-

section was used in 32 patients (17.6%). Data on S-CLM 

mutation status were available in 108 patients (51.2%); a 

KRAS mutation was identified in 42 patients (38.9%), 

whereas NRAS and BRAF mutations were observed in 

three patients each.

OS

During the 50-month mean follow-up period, 42 pa-

tients (19.9%) died from disease recurrence. The median 

OS time was not reached. The 1-, 3-, and 5-year OS rates 
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Table 2. Surgical or percutaneous approaches, and postopera-
tive courses

p value

Surgical approach (%)
  Resection (%) 182 (86.3)
    Non-PSH 65
    Right/Extended right hepatectomy 53
    Left/Extended left hepatectomy 12
    PSH 117
    Bi-segmentectomy 31
    Segmentectomy 74
    Atypical resection 12
  RFA (%) 13 (6.2)
Percutaneous approach (MWA) (%) 16 (7.5)
Combined primary tumor resection (%) 52 (61.9a)
  Colon 39
  Rectum 13
Morbidity (%) 49 (23.2) ns
  Resection 48
  RFA 0
  Percutaneous MWA (Table 1) 1
30-day mortality (%) 0 ns
Length of hospital stay (days) (±SD) 10 (±5) ＜.01
  Resection 11
  RFA 2
  Percutaneous MWA 8
Readmission (%) 2 (0.9) ns
  Resection 2
  RFA 0
  Percutaneous MWA 0

aAccording to the number of synchronous diseases
SD, standard deviation; PSH, parenchyma-sparing hepatectomy; 
RFA, radiofrequency ablation; MWA, microwave ablation

Fig. 1. Overall survival according to the adopted procedure 
(i.e. resection or percutaneous microwave ablation).

Fig. 2. Overall survival according to the adopted procedure 
(i.e. resection or percutaneous microwave ablation) in patients 
with S-CLM＜3cm.

were 97.4%, 84.9%, and 74.9%, respectively. No differ-

ence in OS was observed between the two approaches 

(i.e., surgical or percutaneous) in the entire population 

(Fig. 1; median survival time was not reached in the 2 

groups) or only among patients with an S-CLM size ＜3 

cm (Fig 2; median survival time was not reached in the 

2 groups). In the multivariate analysis, S-CLM located in 

the left liver (p=.04), S-CLM KRAS mutation presence (p
＜.01), and extra-hepatic recurrence (p＜.01) were found 

to poorly influence OS (Table 3).

DFS

Disease recurrence was identified in 110 patients (52.1%), 

comprising 41 patients (37.3%) with hepatic recurrence, 

62 patients (56.4%) with extra-hepatic recurrence (the 

lung was the most frequently observed site (n=48)), and 

seven with simultaneous hepatic and extra-hepatic recur-

rence. The median DFS time was 32 months. The 1-, 3-, 

and 5-year DFS rates were 77.9%, 47%, and 38.9%, 

respectively. In the univariate analysis, RFA (p＜.01) was 

the unique factor that poorly influenced DFS; none of the 

factors identified in the multivariate analysis indepen-

dently influenced DFS.

DISCUSSION

In eligible patients with metachronous or synchronous 

S-CLM, we demonstrated an encouraging survival rate as-
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Table 3. Univariate and multivariate analyses of factors influencing overall survival

p univariate Hazard ratio p multivariate

Synchronous disease 0.28 -
Primary tumor location 0.42 -
Serum CEA level 0.12 -
S-CLM location (right- versus left-sided) 0.03 1.92 [1.01-3.65] 0.04
Neoadjuvant chemotherapy 0.07 1.54 [0.74-3.21] 0.25
Surgical approach 0.38 -
S-CLM size 0.42 -
R1 resection margin 0.68 -
KRAS mutation 0.07 3.97 [1.54-10.2] ＜0.01
Adjuvant chemotherapy 0.76 -
Hepatic recurrence 0.23 -
Extra-hepatic recurrence ＜0.01 9.18 [1.97-42.9] ＜0.01

CEA, carcinoembryonic antigen; S-CLM, solitary colorectal liver metastasis

Fig. 3. (A) Patient diagnosed with a right colon cancer and a 12 mm synchronous S-CLM. A percutaneous microwave ablation 
(MWA) was achieved the day before a single port right hemicolectomy. The axial CT scan show the solitary metastasis prior 
to MWA. (B) The axial CT scan show the MWA result at 1 postoperative month. (C) The axial CT scan show the MWA 
result at 1 postoperative year.

sociated with local destruction.

Strategy and survival

In S-CLM treatment, surgery remains the gold standard, 

and, not surprisingly, we observed that resection was the 

preferred procedure (86.3%) in our series. However, in the 

case of deep S-CLM, local destruction may be preferred 

for hepatic parenchyma sparing. The choice of local de-

struction can be debated from several aspects. In the case 

of disease spread, parenchyma-sparing procedures, when-

ever possible, should be preferred, as the high risk of hep-

atic recurrence (over 60% in the literature)13 may require 

iterative liver resection. In contrast, in S-CLM, the liver 

recurrence rate is relatively reduced (37% in our series), 

and a sparing procedure may not be the main concern for 

surgeons. However, parenchyma-sparing resection was 

preferred in our series (60%) to eliminate useless paren-

chyma sacrifice compared to the relatively small volume 

of the S-CLM (mean size 35 mm). As all series on RFA 

report a worrying local recurrence rate,14 local destruction 

remains the preferred treatment only for fragile patients 

with S-CLM or in cases in which oncologic resection is 

impossible. However, available local destruction devices 

(changes in the RFA needles and generators used) or pro-

cedures (development of cryotherapy15 and MWA) have 

improved in the last two decades, and MWA is now an 

efficient oncologic procedure.16,17 Consequently, based on 

evidence that the efficiency of MWA could be oncologi-

cally comparable to that of resection in eligible patients 

(small [＜3 cm] deep S-CLM without proximal Glissonian 

contact), we decided to perform percutaneous destruction.18 

In the case of synchronous disease, this percutaneous ap-

proach was used preoperatively before primary colorectal 

resection (Fig. 3). With the use of this strategy, we ob-
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served neither morbidity nor mortality values that encour-

age the continuance of this low-impact strategy. In the 

same manner, the OS and DFS were not impacted by 

MWA, supporting the theory that this strategy is as onco-

logically efficient as surgical resection. Not surprisingly, 

we noted that intraoperative RFA poorly impacts DFS in 

the univariate analysis, as we theorized that intraoperative 

ultrasound guidance was probably less precise than percu-

taneous CT scan guidance, and we decided to abandon the 

use of such a procedure in the case of S-CLM. 

In 1984, Wagner et al.19 showed that untreated S-CLM 

was associated with a median survival time of 2 years. 

In our series, after more than 4 years of follow-up, we 

observed an unreached median survival time and a 5-year 

OS rate of 75%, underlining the major progress in the 

fields of CLM radiological evaluation, hepatic surgery and 

perioperative treatment in the last three decades. We ob-

served comparable survivals rate irrespective of the ap-

proach (i.e., resection or local destruction), reinforcing our 

preference for percutaneous local destruction under CT 

scan guidance in patients with S-CLM.

It has been shown that synchronous disease20 and right- 

sided primary tumors21, which are supposedly associated 

with a greater level of KRAS mutations, are poor prog-

nostic factors. However, synchronous disease or primary 

tumor location were not independently identified as fac-

tors influencing OS and/or DFS in our series. Similarly, 

perioperative treatment was not identified as an indepen-

dent factor impacting OS or DFS. Because there is strong 

evidence for the use of perioperative chemotherapy for 

multiple CLM,22 the use of this modality did not seem 

to be influential in patients with S-CLM (even those with 

synchronous disease, as previously reported by other ser-

ies).23

Left-sided S-CLM and KRAS mutation

Several series have shown a higher number of right-sid-

ed CLM than left-sided CLM.24 Investigations on the 

asymmetrical distribution of CLM have not been able to 

identify a relationship between primary colorectal cancer 

and liver metastasis location. However, this could be ex-

plained by a) the higher right liver volume (approximately 

two-third of the total liver volume), and b) the constant 

anatomical angle of the left portal vein branch compared 

to the alignment of the right portal vein branch, which 

favors the preferential draining of the metastatic cancer 

cells to the right hemi-liver. According to these two 

points, we observed a larger number of right-sided S-CLM 

(66% versus 34%). However, we noted that left-sided 

S-CLM was independently associated with poorer progno-

sis. Available data on the prognostic impact of the CLM 

hemi-liver location is insufficient, despite many small ser-

ies reporting poorer prognoses.25-27 The mechanisms of 

metastatic cancer cell dissemination and implantation are 

unclear, and no indisputable conclusions can be drawn 

based on the current knowledge.

In this study, the occurrence of KRAS mutation was 

not rare (39%) in S-CLM cases with resection, and the 

corresponding effect on survival and extra-hepatic re-

currence was poor. The negative impact of KRAS muta-

tions in CLM has already been reported;28 it could be a 

useful tool to be considered in patient treatment strategies. 

Indeed, patients should be treated with a liver procedure 

with the lowest possible impact (i.e., surgery or local de-

struction) for a favorable postoperative treatment outcome. 

For example, an eligible patient with S-CLM in a deep 

location may benefit from percutaneous local destruction 

to ensure low postoperative morbidity and high likelihood 

of prompt recovery so as to allow for the administration 

of adjuvant chemotherapy, if recommended according to 

the presence of poor prognostic factors (such as the pres-

ence of a concomitant BRAF mutation).29 

Limitations

Our study has some limitations that must be high-

lighted. First, the retrospective design of the study has its 

own corresponding drawbacks. Second, changes in the 

perioperative treatments, devices used for local destruction 

(MWA was introduced since 2012 in our institution 

whereas RFA was historically used), as well as the global 

strategies through the relatively large period of inclusion 

may have impacted our results. Third, this study was not 

protocol-driven, so it introduced unforeseen factors. None-

theless, the sample size is not considered small in this 

specific setting of S-CLM, which allows for the over-

riding of these limitations.

Patients with S-CLM had good prognoses, with a 

5-year OS rate of 75%. In such settings, the efficacy of 

MWA seems to be oncologically comparable to that of 

resection. Thus, percutaneous MWA, when feasible, may 
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be the procedure of choice to allow for prompt patient 

recovery and the administration of adjuvant chemotherapy. 
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