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[ Abstract] Objective To compare the treatment efficacy of thermal ablation versus surgical resection of
metachronous colorectal liver metastasis (CRLM) and to explore the potential candidates suited for thermal ablation.
Methods The data of 319 patients with CRLM who underwent radical treatment at the Cancer Hospital, Chinese
Academy of Medical Sciences between November 2007 and January 2021 were retrospectively collected. The patients were
divided into two groups, the thermal ablation group and the surgical resection group, according to the actual treatments
they received. Propensity score matching (PSM) was applied to balance the baseline characteristics between the two
groups. Cox regression analysis was conducted to identify the risk factors for recurrence and survival. Survival analysis
was performed for intergroup comparison. Results Using PSM at 1 : 1 ratio, 92 patients were included in the thermal
ablation group and 92 patients were included in the surgical resection group.The median overall survival (OS) in the
thermal ablation group was 49 (95% confidence interval, 37-76) months, which was shorter than that of the surgical
resection group (P<0.01). Multivariate Cox regression analysis indicated that the T staging of primary tumor, number of
metastatic tumor, maximum diameter of metastatic tumor, preoperative serum carcinoembryonic antigen (CEA) level,
and treatment method were independent risk factors affecting OS. Compared with the surgical resection group, the
thermal ablation group demonstrated higher hepatic recurrence rate (59.8% vs. 23.9%, P<0.01), shorter disease-free
survival (DFS) (10 months vs. 33 months, P<0.01), and shorter length of hospital stay (7 days vs. 14 days, P<0.01).
Subgroup analysis, conducted with the data of the 319 patients before PSM, showed that early recurrence patients who
underwent thermal ablation or surgical resection had comparable median OS (29 months vs. 42 months, P=0.35). For the
non-early recurrence patients, the median OS of the thermal ablation group was shorter than that of the surgical resection
group (P<0.01). Conclusion For the treatment of CRLM, the efficacy of surgical resection was better than that of

thermal ablation. However, the efficacy was comparable between the two treatments for early recurrence patients of
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Table1 Patient baseline data before and after propensity scoring matching (PSM)

Before matching After matching
Characteristic
Thermal ablation (n=148) Resection (n=171) P Thermal ablation (n=92) Resection (n=92) P
Gender/case (%) 0.653 0.652
Male 92 (62.2) 101 (59.1) 57 (62.0) 53 (57.6)
Female 56 (37.8) 70 (40.9) 35(38.0) 39 (42.4)
Age/yr., median (P,;-P,;) 59.8 (57.9-61.6) 56.1 (54.7-57.5)  0.002 59.0 (50.0-64.0) 57.5 (52.8-64.0)  0.994
Age at the time of the procedure/case (%) 0.030 1.000
<60 yr. 106 (71.6) 141 (82.5) 74 (80.4) 74 (80.4)
>60 yr. 42 (28.4) 30 (17.5) 18 (19.6) 18 (19.6)
Primary tumor side/case (%) 0.688 1.000
Left-sided 123 (83.1) 146 (85.4) 82 (89.1) 81 (88.0)
Right-sided 25(16.9) 25 (14.6) 10(10.9) 11(12.0)
Gross type/case (%) 0.019 1.000
Ulcerative 109 (73.6) 103 (60.2) 63 (68.5) 64 (69.6)
Protuberant 38 (25.7) 67 (39.2) 28 (30.4) 27(29.3)
Infiltrative 1(0.7) 1(0.6) 1(1.1) 1(1.1)
Differentiation (primary)/case (%) 0.666 0.834
Well 11 (7.4) 10 (5.9) 5 (5.6) 6 (6.5)
Moderate 107 (72.3) 131 (76.6) 67 (72.8) 69 (75.0)
Poor 30 (20.3) 30 (17.5) 20 (21.6) 17 (18.5)
T stage/case (%) 0.033 0.720
1-2 6 (4.1) 19 (11.1) 5(5.4) 3(3.3)
3-4 142 (95.9) 152 (88.9) 87 (94.6) 89 (96.7)
N stage/case (%) 0.569 0.871
N~ 44(29.7) 57 (33.3) 28 (30.4) 26 (28.3)
N 104 (70.3) 114 (66.7) 64 (69.6) 66 (71.7)
Metachronous type/case (%) 0.010 1.000
Early (<12 months) 89 (60.1) 77 (45.0) 50 (54.3) 49 (53.3)
Late (>12 months) 59 (39.9) 94 (55.0) 42 (45.7) 43 (46.7)
Metastases distribution/case (%) 0.333 1.000
Unilobar 128 (86.5) 140 (81.9) 74 (80.4) 73 (79.3)
Bilobar 20 (13.5) 31(18.1) 18 (19.6) 19 (20.7)
Metastases diameter/case (%) 0.021 1.000
<3cm 119 (80.4) 117 (68.4) 69 (75.0) 70 (76.1)
>3 cm, <5cm 29 (19.6) 54 (31.6) 23 (25.0) 22(23.9)
Metastases number/case (%) 1.000 0.766
Single 94 (63.5) 109 (63.7) 51 (55.4) 54 (58.7)
Multiple 54 (36.5) 62 (36.3) 41 (44.6) 38 (41.3)
CRS/case (%) 0.278 0.820
<2 134 (90.5) 147 (86.0) 80 (87.0) 82(89.1)
>2, <5 14 (9.5) 24 (14.0) 12 (13.0) 10 (10.9)
Postoperative chemotherapy/case (%) 0.003 1.000
No 36 (24.3) 19 (11.1) 13 (14.1) 12 (13.0)
Yes 112 (75.7) 152 (88.9) 79 (85.9) 80 (87.0)
CEA level before procedure/case (%) 0.512 1.000
<200 ng/mL 145 (98.0) 165 (96.5) 90 (97.8) 90 (97.8)
>200 ng/mL 3(2.0) 6 (3.5) 2(22) 2(2.2)

CRS: Clinical risk score; CEA: Carcinoembryonic antigen.
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Table 2 Results of univariate and multivariate analyses of patients' baseline data affecting OS before PSM

Univariate analysis Multivariate analysis

Variable
HR (95% CI) P HR (95% CI) P

Age (<60 yr. vs. >60 yr.) 1.68 (1.16-2.43) 0.006 - -
Primary tumor side (left vs. right) 1.02 (0.60-1.73) 0.948 - -
Gross type 0.005

Ulcerative 1 (ref) - -

Protuberant 0.48 (0.30-0.76) 0.002 - -

Infiltrative 1.18 (0.16-8.48) 0.870 - -
Differentiation (primary) 0.281

Poor 1 (ref) - -

Moderate 0.79 (0.49-1.27) 0.332 - -

Well 1.24 (0.60-2.55) 0.566 - -
T stage (1-2 vs. 3-4) 6.73 (1.66-27.31) 0.008 5.03 (1.23-20.57) 0.024
N stage (negative vs. positive) 1.64 (1.08-2.48) 0.021 - -
Metachronous type (early vs. late) 0.64 (0.44-0.93) 0.018 - -
Metastases number (single vs. multiple) 1.76 (1.21-2.55) 0.003 1.47 (1.00-2.15) 0.048
Metastases diameter (<3 cm vs. >3 cm, <5 cm) 1.50 (0.99-2.27) 0.054 1.74 (1.12-2.70) 0.013
CRS score (<2 vs. >2, <5) 1.48 (0.86-2.55) 0.162 - -
CEA level before procedure (<200 ng/mL vs. >200 ng/mL) 3.45 (1.26-9.50) 0.016 2.91 (1.03-8.24) 0.044
Post-procedure chemotherapy (no vs. yes) 0.92 (0.58-1.47) 0.725 - -
Treatment (thermalablation vs. resection) 3.13 (2.08-4.76) <0.001 3.22(2.13-4.76) <0.001

HR: Hazard ratio; CI: Confidence interval; CRS: Clinical risk score; CEA: Carcinoembryonic antigen.
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Table 3 Results of univariate and multivariate analyses of patients' baseline data affecting DFS before PSM

Univariate analysis Multivariate analysis
Variable
HR (95% CI) p HR (95% CI) p

Gross type 0.016

Ulcerative 1 (ref) - -

Protuberant 0.64 (0.46-0.87) 0.005 - -

Infiltrative 1.18 (0.29-4.76) 0.818 - -
T stage (1-2 vs. 3-4) 3.41 (1.60-7.27) 0.001 - -
N stage (negative vs. positive) 1.48 (1.09-2.02) 0.013 1.50 (1.10-2.05) 0.010
Metachronous type (early vs. late) 0.60 (0.46-0.80) <0.001 - -
Metastases number (single vs. multiple) 1.71 (1.29-2.27) <0.001 1.78 (1.33-2.37) <0.001
Treatment (thermal ablation vs. resection) 2.86 (2.13-3.85) <0.001 2.78 (2.08-3.85) <0.001

HR: Hazard ratio; CI: Confidence interval.
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Fig 1 Survival curves of overall survival and disease-free survival of CRLM patients undergoing thermal ablation or resection after PSM

OS: Overall survival; DFS: Disease-free survival.
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Fig 2 Survival curves of overall survival (OS) for early recurrence (A) and non-early recurrence (B) patients before PSM
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