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Abstract

PURPOSE—To test the hypothesis that, given the current resection eligibility criteria for 

colorectal liver metastasis (CLM), prior hepatectomy would be associated with improved local 

tumor control and survival after percutaneous ablation of CLM.

METHODS—This single-institution retrospective study included 82 consecutive patients with 97 

CLM treated with ablation (radiofrequency, microwave, or cryoablation) from January 2005 to 

December 2014. Local tumor progression-free survival (LTPFS), recurrence-free survival at any 

organ (RFS), and overall survival (OS) were calculated from the time of ablation and compared 

between patients with (n=49) and without (n=33) prior hepatectomy using the Kaplan-Meier 

method. Cox regression models were used to identify LTPFS predictors.

RESULTS—Median overall follow-up period was 28 months (range, 4.5–132). The 3-year 

actuarial LTPFS (patient level: 73% vs 34%, P < 0.001) were significantly higher in patients with 

than without prior hepatectomy, respectively. Similarly, three-year RFS (23% vs 9.1%, P = 0.026) 

and OS (78% vs 48%, P = 0.003) were improved in patients with prior hepatectomy. At 

multivariate analysis, predictors of worse LTPFS were: no prior hepatectomy (hazard ratio [HR] 

2.35, 95% confidence interval [CI] 1.02–5.45; P = 0.045), minimal ablation margin < 5mm (HR 

2.4, 95% CI 1.18–4.87; P = 0.016), and RAS-mutant tumor (HR 2.65, 95% CI 1.18–5.94; P = 

0.019).
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CONCLUSION—Prior hepatectomy for CLM is associated with improved local tumor control 

after percutaneous ablation of post-resection developed CLM.

INTRODUCTION

Up to 50% of patients with colorectal cancer present with or ultimately develop colorectal 

liver metastases (CLM) during their disease course, which accounts for two-thirds of the 

colorectal cancer-related deaths (1). Among the local curative therapies for CLM, hepatic 

resection is considered the modality of choice with most recent series demonstrating 5-years 

overall survival (OS) of up to 60% (1, 2). Unfortunately, less than 20% of patients with 

CLM are candidates to resection (3). Percutaneous liver ablation is another local therapy 

widely utilized for treatment of CLM, traditionally reserved for patients who are not 

candidates for surgery and for patients with post-hepatectomy recurrences. Most current 

series demonstrate 5-year OS rates ranging from 21% to 48% after ablation of CLM (4–6).

In patients with CLM, low rates of local recurrence (define as local tumor progression [LTP] 

for ablation) at the treated CLM are associated with improved OS rates. More recently, 

tumor biological factors have been recognized as prognosticators for local recurrence and 

survival in patients undergoing resection and ablation of CLM (7–9). Likewise, the use of 

adjunctive measures such as neoadjuvant chemotherapy, portal vein embolization, and two-

stage hepatic resection, have been linked with improved outcomes after resection of CLM 

(10–14), which might be attributable to selection of patients with more favorable tumor 

characteristics during assessment of the response to chemotherapy, growth of the future liver 

remnant, and recovery after first-stage hepatectomy (15). Despite of such findings, to date it 

is unclear whether such selection criteria for liver resection would ultimately also affect 

ablation outcomes of CLM that develop after hepatic resection when compared to ablation 

of CLM without a prior history of hepatic resection.

Therefore, the aim of this is study is to test the hypothesis that, given the current resection 

eligibility criteria for colorectal liver metastasis (CLM), prior hepatectomy would be 

associated with improved local tumor control and survival after ablation of CLM.

PATIENTS AND METHODS

Study population

This single-institution retrospective study was compliant with the Health Insurance 

Portability and Accountability Act and approved by our Institutional Review Board with a 

waiver of informed consent. Retrospective review of the interventional radiology database 

identified 108 consecutive patients with CLM who underwent ablation during the January 

2005 and December 2014. Of these, 26 patients were excluded from the analysis because 

ablation was used as a completion treatment strategy to hepatic resection (n = 11), other 

locoregional therapies were used at the site of the ablated CLM (n = 11), or the patient was 

lost to follow-up (n = 4), leaving a study population of 82 consecutive patients (54 men and 

28 women; median age 59 years [range, 28–92]) with 97 CLM treated with ablation (Figure 

1).
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Definition of patient cohorts

To permit assessment of the impact of prior hepatic resection on outcomes after ablation of 

CLM, patients were divided in two cohorts: (i) patients with prior hepatic resection that 

eradicated all macroscopic CLM that later progressed with new CLM treated with ablation; 

and (ii) patients without prior hepatic resection who underwent ablation for the treatment of 

CLMs. Of the 82 patients included in the study, 49 (60%) had prior hepatic resection, and 33 

(40%) did not. Patients with prior hepatic resection had a total of 59 CLM ablated, and 

patients without prior hepatic resection had a total of 38 CLM ablated.

Treatment of CLM strategy

Patients were considered eligible for hepatic resection based on clinical performance status, 

anatomic, and oncologic criteria. Performance status included Eastern cooperative oncology 

consortium [ECOG] ≤ 2. Anatomic criteria included being able to perform hepatic resection 

for eradication of all macroscopic CLM with negative margins and preservation of at least 

20% to 30% of the total estimated liver volume, spare two continuous hepatic segments, and 

maintain vascular inflow and outflow and biliary drainage. Oncologic criteria included 

absence of clinically significant progression on preoperative systemic therapy. Limited 

resectable extrahepatic disease was not a contraindication for hepatic resection (15). 

Adjunctive measures, such as preoperative and adjuvant systemic chemotherapy, portal vein 

embolization, and two-stage hepatectomy, were performed as per institutional protocol to 

adequately select patients for hepatic resection. All hepatic resections were performed by 

one of the five hepato-pancreato biliary surgeons with 7 to 30 years of experience.

Ablation was utilized when patients were ineligible for hepatic resection. Per institutional 

protocol, patients were eligible for ablation if presenting with fewer than five CLM, 

measuring ≤ 5 cm each, and if graded as ECOG ≤ 2. No oncologic inclusion criteria was 

utilized for ablation eligibility. Limited resectable extrahepatic disease was not a 

contraindication for ablation. All ablations were performed with the intent to completely 

cover the CLM, but no minimal ablation margin width was established at the time of the 

present study. All procedures were performed under general anesthesia and computed 

tomography guidance by one of four interventional radiologists with 7 to 18 years of 

experience. Ablations were performed with radiofrequency (n = 45 procedures; [Cool-tip 

ablation system, Covidien, Boulder, CO, USA]), microwave (n = 30 procedures [Certus 

probe, Certus 140 2·4-GHz ablation system, Neuwave, Madison, WI, USA]), or cryoablation 

(n = 7 procedures; [Galil Medical Inc., SeedNet MRI cryoablation system, Arden Hills, MN, 

USA]) systems according to the operator’s choice.

Assessment of response to ablation and clinical outcomes

Post-ablation cross-sectional images (CSI) were consensually assessed by two readers, both 

with 8 years of experience. All pre-ablation CSI were reviewed to identify the date of 

diagnosis of each CLM. If a CLM was present on the first CSI study available, the date of 

this study was considered the date of diagnosis of that particular metastasis. The initial post-

ablation CSI study to assess the efficacy of ablation was performed within 4 to 8 weeks.
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The minimal radiographic ablation margin was assessed as described previously (16). In 

short, anatomic liver landmarks adjacent to the pre- and post-ablated CLM were measured 

and subtracted from each other on the three-dimensional axis. The smallest value was 

considered to be the minimal margin. Subsequent imaging assessments were performed at 2- 

to 6-month intervals until patient death or loss to follow-up. Primary and secondary efficacy 

rates were defined as the number of CLM eradicated after the initial course of ablation and 

by repeat ablation after documentation of LTP, respectively (17). Residual unablated tumor 

was defined as irregular peripheral or nodular enhancement within 1 cm of the ablated area 

on the initial post-ablation CSI study (17). LTP was defined as the appearance of tumor foci 

within 1 cm of the edge of the ablation zone on CSI after at least one contrast-enhanced 

post-ablation follow-up study had documented eradication of CLM and absence of viable 

tissue in the target tumor and surrounding ablation margin (17).

LTP rates were evaluated per patient and per ablated CLM. LTP-free survival (LTPFS) was 

measured in months from the date of the last ablation session to the date when LTP was 

detected on CSI. If a patient had two or more CLM treated with ablation, LTP at the site of 

any ablated CLM was considered to represent LTP in that patient. Finally, recurrence-free 

survival (RFS) at any site and OS were also measured.

Statistical analysis

Variables extracted from the database or updated by review of electronic medical records for 

each patient are depicted in detail in Table 1. Continuous data were expressed as median 

(range). Continuous variables were compared using the Wilcoxon rank-sum test, and 

categorical variables were compared using the χ2 test. LTPFS and RFS were measured in 

months from the date of the last image-guided ablation session to the date of detection of 

recurrence at the ablated CLM or at any organ on CSI or last follow-up, respectively. 

Univariate and multivariate analyses were performed to identify predictors of LTPFS at 1 

and 3 years (primary endpoint) using Cox proportional hazards regression models. OS was 

measured in months from the date of the last ablation session to the date of death or last 

follow-up. Survival curves were created by using the Kaplan-Meier method, and differences 

between the curves of the two patient cohorts were evaluated with the log-rank test. 

Variables with P < 0.1 in univariate analysis were entered into each multivariate analysis and 

a P < 0.05 was considered statistically significant in all analyses. All statistical analysis were 

carried with JMP software (version 12.1.0; SAS Institute Inc, Cary, NC).

RESULTS

Overall primary and secondary ablation efficacy rates were 95% (92 of 97 CLM) and 100%, 

respectively. Fifteen (18%) of the 82 patients presented with LTP by the end of the analysis 

period. Ten of these patients had other sites of intrahepatic or extrahepatic metastases in 

addition to LTP and were treated with systemic therapy. The remaining five patients who had 

LTP were deemed unsafe for repeat ablation because of tumor size and/or location.
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LTP rates in patients with and without prior hepatic resection

Patients with prior hepatic resection had a significantly lower rate of LTP than patients 

without prior hepatic resection (6.1% vs 36%, P < 0.001) (Figure 2). Also, when LTP was 

analyzed per each ablated CLM, LTP rates were significantly lower among CLM in patients 

with prior hepatic resection than among CLM in patients without prior hepatic resection 

(5.1% vs 34%, P < 0.001) (Figure 2).

Survival outcomes in patients with and without prior hepatic resection

The median overall follow-up period was 28 months (range, 4.5–132), and there was no 

significant difference in median follow-up period between patients with prior hepatic 

resection (31 months [range, 4.7–132]) and without prior hepatic resection (24 months 

[range, 4.5–95]) (P = 0.455). Kaplan-Meier plots for actuarial LTPFS, RFS, and OS in 

patients with and without prior hepatic resection are presented in Figure 3. The 3-year 

LTPFS rate was significantly better in patients with than without prior hepatic resection 

(73% vs 34%; P < 0.001) (Figure 3A). Based on the analysis per each ablated CLM, the 3-

year LTPFS rate was also significantly better in CLM with than without prior hepatic 

resection (73% vs 31%; P < 0.001) (Supplementary Figure 1). Patients with prior hepatic 

resection also had better outcomes with respect to the 3-year RFS rate at any organ (23% vs 

9.1%; P = 0.026) (Figure 3B) and the 3-year OS rate (78% vs 48%; P = 0.003) (Figure 3C).

Predictors of LTPFS at 1 year and 3 years

The Cox proportional hazards regression models showed that the independent predictors of a 

higher risk of LTP were absence of prior hepatic resection (hazard ratio [HR] 2·35, 95% 

confidence interval [CI] 1·02–5·45; P = 0·045), minimal radiographic ablation margin < 5 

mm (HR 2·40, 95% CI 1·18–4.87; P = 0·016), and RAS mutation (HR 2·65, 95% CI 1·18–

5·94; P = 0·019) (Table 2).

DISCUSSION

The present study demonstrates that rates of LTP in patients undergoing ablation of CLM 

was significantly lower in patients with prior hepatic resection than in patients without prior 

hepatic resection. Such lower rates of LTP were translated on significant improved 3-year 

LTPFS rates of patients with prior history of hepatic resection when compared to patients 

without prior hepatic resection at a patient level (73% vs 34%, respectively, P < 0.001), as 

well on per each ablated CLM (73% vs 31%; P < 0.001). The multivariate analysis of 

predictors of LTPFS confirmed that, in addition to minimal radiographic ablation margins < 

5 mm and mutant RAS, absence of prior hepatic resection was an independent predictor of 

worse LTPFS. As expected, patients with prior hepatic resection also had significantly better 

3-year RFS and OS rates than patients without prior hepatic resection.

Several adjunctive strategies are routinely utilized in the current clinical practice to facilitate 

resection and reduce perioperative morbidity and mortality. Surgery is typically reserved for 

patients with CLM who are judged to have a higher chance of sustained benefit as 

demonstrated by optimal morphological response to systemic chemotherapy, lack of 

oncological progression following preoperative systemic chemotherapy and first-stage 
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hepatectomy, and adequate growth of future liver-remnant after portal vein embolization (15, 

18, 19). The present study findings suggest that the process of selecting patients for hepatic 

resection might have also translated into a significantly lower rate of LTP following CLM 

ablation that developed after hepatic resection.

Recently, biological factors such as mutant RAS status and midgut origin of the colorectal 

cancer have been linked to worse outcomes after ablation (7, 8). This present study did not 

show any significant differences between patients with and without prior hepatic resection 

with respect to those biological factors. Nevertheless, other still undiscovered biological 

factors and comutations might be associated with a less aggressive tumor behavior among 

surgical patients. For instance, BRAF mutation, which is associated with worse prognosis 

and occurs in approximately 5% to 10% of patients with colorectal cancer, is only seen in 

less than 2% of patients with CLM undergoing hepatic resection. This finding highlights the 

importance of better understanding the impact of tumor biology on outcomes of patients 

with CLM treated with local therapies.

The comparison of patients with and without prior hepatic resection did demonstrate some 

differences in patient characteristics between those two cohorts. As anticipated, patients with 

prior hepatic resection were younger, less likely to receive pre-ablation chemotherapy, 

received fewer chemotherapy regimens, had their CLM ablated sooner after discovery, and 

had smaller CLM treated with ablation. Such inherent differences are a consequence of the 

currently employed surgical inclusion criteria and suggest that patients with prior hepatic 

resection were healthier and had less aggressive tumors or tumors that presented earlier. 

Despite of that, multivariate analysis did not show that any of those variables were 

associated with improved LTPFS. Such findings emphasize that comparison of local and 

overall outcomes of patients undergoing hepatic resection and patients undergoing ablation 

are problematic given the fundamental differences between those two patient populations. 

Moreover, as demonstrated by this current analysis, patients with prior hepatic resection who 

underwent ablation of CLM that developed after hepatic resection have LTP rates similar to 

the recurrence rates after surgical resection of CLM in the most recent series (20).

At present, management of CLM that develop after hepatic resection is open to debate; 

questions regarding the use of ablation, repeat resection, and preoperative chemotherapy 

remain unanswered. Patients undergoing ablation of CLM that developed after hepatic 

resection had a 3-year OS rate of 78% with OS measured from the time of CLM ablation, a 

rate similar to the 3-year OS rate after first and second hepatectomy for CLM in current 

series (3, 9). Such similar OS rates can be regarded as an argument for the use of 

percutaneous ablation as an effective therapy for patients who present with newly developed 

CLM after hepatic resection.

This study has some limitations. First, the retrospective nature of the current analysis based 

on relatively small number of patients might have created a selection bias. Further validation 

of this study including a larger number of patients is needed; Second, the study covers a 10-

year period where several different systemic therapies were utilized and no information in 

respect to the impact of each individual systemic therapies can be established. Finally, the 
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minimal follow-up period after ablation of CLM was short, although in line with follow-up 

periods in other studies of LTP after ablation of CLM (6).

In conclusion, patients who undergo ablation of CLM that develop after hepatic resection 

have significantly lower rates of LTP and consequent improved 3-years LTPFS than patients 

who undergo ablation of CLM without prior hepatic resection. These findings suggest that 

patients undergoing percutaneous ablation for CLM that develop after hepatic resection 

experience sustained benefit from both hepatic resection and post-resection ablation 

therapies, supporting both therapeutic approaches. Finally, care should be taken in 

comparing local tumor control outcomes after ablation in patients with CLM with and 

without prior hepatectomy since such patients might harbor fundamentally different CLM.
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Figure 1. 
Flowchart diagram of patient selection and exclusion criteria.
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Figure 2. 
Local tumor progression rates per patient and per lesion in patients with and without prior 

hepatic resection.
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Figure 3. 
Kaplan-Meier curves for (A) local tumor progression-free survival (P < 0.001), (B) 

recurrence-free survival (freedom from recurrence at any site) (P = 0.026), and (C) overall 

survival (P = 0.003) in patients with (blue line) and without (red line) prior hepatic resection.
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Table 1

Patient, tumor, and treatment characteristics overall and in patients with and without prior hepatic resection*

Characteristic Total (n=82)
Prior hepatic 

resection (n=49)
No prior hepatic 
resection (n=33) P value†

Sex, M: F 54: 28 32: 17 22: 11 0.899

Age at CLM ablation, median (range), y 59 (28–92) 56 (28–80) 62 (40–92) 0.017‡

Primary tumor

 Location, colon: rectum 68: 14 43: 6 25: 8 0.157

 Midgut origin: hindgut origin 16: 66 7: 42 9: 24 0.146

 Lymph node metastases 58 (71) 36 (73) 22 (67) 0.507

Time between primary cancer diagnosis and CLM discovery, 
median (range), months

18 (0–295) 19 (0–199) 15 (0–295) 0.166‡

Time between last hepatic resection and ablation, median 
(range), months

- 13 (0.9–125) - -

Pre-ablation chemotherapy 54 (66) 28 (57) 26 (79) 0.043

 ≤6 cycles 24 (44) 16 (57) 8 (31) 0.051

 ≥2 regimens 13 (24) 3 (11) 10 (38) 0.017

 Fluorouracil-based chemotherapy regimen

  Oxaliplatin 30 (56) 14 (50) 16 (62) 0.394

  Irinotecan 25 (46) 14 (50) 11 (42) 0.571

 Use of bevacizumab 33 (61) 15 (54) 18 (69) 0.238

 Use of anti-EGFR agent 8 (15) 5 (18) 3 (12) 0.514

 Time between last chemotherapy and ablation, median 
(range), days

34 (6–3674) 32 (6–875) 38 (6–3674) 0.603‡

Time between CLM discovery and ablation, median (range), 
days

139 (4–1397) 102 (4–828) 266 (29–1397) <0.001‡

CEA level at ablation, median (range), ng/mL 4.3 (0.6–328) 3.3 (0.6–186) 5.7 (1.2–328) 0.085‡

RAS status

 Wild-type: mutant 53: 29 35: 14 18: 15 0.117

Clinical risk score¶

 0/1: ≥2 53: 29 33: 16 20: 13 0.531

Ablation modality

 RFA: microwave: cryoablation 45: 30: 7 30: 15: 4 15: 15: 3 0.350

No. of ablation sessions

 1: ≥2 63: 19 36: 13 27: 6 0.380

Minimal radiographic ablation margin

 <5 mm: 5–10 mm: >10 mm 30: 26: 26 16: 15: 18 14: 11: 8 0.465

Ablated lesion adjacent to major vessel(s)© 20 (24) 11 (22) 9 (27) 0.618

Liver metastases

 Synchronous: metachronous 30: 52 14: 35 16: 17 0.066

 Maximum CLM diameter at ablation, median (range), cm 1.7 (0.6–5.0) 1.4 (0.6–4.5) 2.1 (1.0–5.0) 0.001‡

 Tumor number, solitary: multiple 70: 12 40: 9 30: 3 0.232

 Subcapsular lesion 43 (52) 24 (49) 19 (58) 0.445
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Characteristic Total (n=82)
Prior hepatic 

resection (n=49)
No prior hepatic 
resection (n=33) P value†

Concomitant extrahepatic disease 19 (23) 10 (20) 9 (27) 0.470

Post-ablation chemotherapy 43 (52) 23 (47) 20 (61) 0.224

Local tumor progression 15 (18) 3 (6.1) 12 (36) <0.001

*
Values in table are number of patients (percentage) unless indicated otherwise.

†
χ2 test unless indicated otherwise.

‡
Wilcoxon rank-sum test.

¶
Clinical risk score was determined by assigning 1 point for each of the following: disease-free interval from detection of primary tumor to 

detection of liver metastasis <12 months, >1 liver tumor, largest hepatic metastasis > cm, carcinoembryonic antigen level >200 ng/mL, and the 
presence of extrahepatic disease [Fong et al, Ann Surg, 1999].

©
A major vessel meant a vessel >3 mm in diameter.

CLM, colorectal liver metastases; EGFR, epidermal growth factor receptor; CEA, carcinoembryonic antigen; RFA, radiofrequency ablation.
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