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Objective: To retrospectively evaluate the long-term efficacy and safety of radiofrequency 

ablation (RFA) with systemic chemotherapy (CT) in treatment of solitary liver metastasis after 

surgery for colorectal cancer (CRC).

Methods: This single-center study was conducted at the Hunan Provincial Cancer Hospital 

from June 2006 to December 2015 with median follow-up time of 26 months. Percutaneous 

ultrasound-guided RFA was carried out on eligible patients with solitary liver metastasis after 

surgery for CRC. After a week, ablation status was confirmed by MRI. Post MRI, all patients 

received systemic CT with or without molecular-targeted therapy. Survival rate was evaluated 

and survival curve was constructed with  Kaplan–Meier analysis. Log-rank test and Cox regres-

sion model were used for univariate and multivariate analysis, respectively, to determine the 

independent prognostic factors for survival rate.

Results: A total of 109 eligible patients (mean age, 53.84±11.71; mean tumor mass diameter, 

3.4+2.01 cm) were enrolled in this 10-year study. After RFA, 95 patients achieved complete 

ablation, and 14 patients achieved partial ablation, with median ablation time of 26 minutes 

(range: 12–120 minutes). The median survival time required for achieving complete and partial 

ablation was 56.0 and 19.0 months, respectively (P<.01). After RFA and adjuvant systemic 

CT, the 1-, 3-, and 5-year survival rates were 92.3%, 50.7%, and 41.6%, respectively, with the 

median (mean) survival time of 39.0 (56.5) months. Age was the only significant independent 

prognostic factor with better survival rate observed in patients aged ≥50 years than those aged 

<50 years (P<0.05). The incidence of complications was minimal (1.8%) with only two cases: 

one biliary fistula and one liver hemorrhage.

Conclusion: RFA combination with systemic CT was safe; it showed long-term efficacy in 

patients with solitary liver metastasis after surgery for CRC and can be a preferred treatment.

Keywords: radiofrequency assay, systemic chemotherapy, liver metastasis, colorectal cancer, 

ultrasound, survival

Introduction
Colorectal cancer (CRC) is one of the most commonly diagnosed cancers worldwide, 

and is ranked second and third in female and male patients, respectively.1 Though 

the incidence is the highest in North America, Europe, and New Zealand/Australia, 

there has been an evolving trend in Asia and eastern Europe due to change in life-

style.1,2 According to the 2015 statistics in China, CRC is the fifth most commonly 

diagnosed cancer in male patients and fourth most commonly diagnosed cancer in 

female patients, causing one of the highest mortalities (191,000 deaths in 2015).3 A 
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study by Dennis DL et al revealed that majority of patients 

with CRC were not as physically active as subjects without 

cancer, on a regular basis.4 Also, western lifestyle changes, 

such as alcohol consumption, sleep deprivation, obesity, etc 

correlate with higher incidences of CRC.5

Liver is one of the most common sites for metastasis 

in CRC and in about 50% of the metastasis of liver cases 

observed.6 The gold standard of treatment for colorectal liver 

metastasis (CRLM) is surgical resection.7 The 5-year sur-

vival after resection ranged between 35% and 58% in patients 

with CRLM.8–11 Due to the anatomic, functional, and medical 

complexities, resection is possible only in about 10%–20% 

of patients with liver metastasis.12 Moreover, after resection, 

the recurrence is about 60% in patients with CRLM.13,14 

Chemotherapy (CT) is also widely used in the treatment 

of CRLM. The addition of irinotecan and oxaliplatin to 

the traditional 5-fluorouracil and leucovorin combination 

improved the response from 20% to about 56%.15–18 Target 

therapies, such as bevacizumab or cetuximab in combination 

with CT with FOLFIRI showed a response rate of about 70% 

in patients with CRC.19 The overall survival (OS) rate for 

bevacizumab and FOLFOXIRI combination was reported to 

be 24.9%,20 whereas that for cetuximab and FOLFOXIRI 

combination was 46.2%.21 However, CT has serious com-

plications such as steatohepatitis and sinusoidal obstruction 

syndrome, causing hepatic injury in patients undergoing 

liver resection for CRLMs.22 Hence, less-invasive ablative 

procedures like radiofrequency ablation (RFA), microwave 

coagulation therapy, and percutaneous ethanol injection 

have emerged as treatment of choice in nonsurgical CRLM 

cases.23–26 RFA has proved advantageous compared with 

other local ablative techniques in hepatocellular carcinoma 

due to several factors, including its minimal invasiveness, 

tumor control with good long-term survival with acceptable 

morbidity.27–29 CRLM patients treated with RFA have shown 

a 5-year survival of about 26%–33%.30,31 Though RFA has 

shown a local recurrence of 12%–18%,32,33 few studies have 

shown a recurrence as high as 47%.34 This has led to the need 

for adjuvant therapy. However, few studies used a combina-

tion of RFA and CT in the treatment of CRLM patients and 

found a recurrence of about 15% (26 out of 168 subjects) 

with no recurrence at the site of RFA.35 Similar study with 

combination of RFA and CT in 202 subjects reported an 

OS rate of 48% though 32% showed recurrence at RFA 

site; however, retreatment with ablation increased their OS 

compared with those who received no retreatment (45.5 vs 

31.1 months, P<.001),36 suggesting that combination therapy 

improves long-term survival in patients with CRLM. In a 

country like China, where the mortality rate is high, there is 

an unmet need of large-scale studies to improve the OS in 

this challenging area of cancer. Therefore, the present study 

was designed in China to evaluate the efficacy and safety of 

RFA therapy combined with systemic CT in patients with 

solitary CRLM.

Materials and methods
study design and patient selection
This single-center study was conducted at the Hunan Pro-

vincial Cancer Hospital from June 2006 to December 2015. 

The eligibility criteria included male or female patients aged 

between 18 and 85 years, who had a histologically confirmed 

adenocarcinoma after surgery for CRC, an Eastern Coop-

erative Oncology Group score between 0 and 1,37 single 

intrahepatic metastatic lesion confirmed by MRI or CT, etc. 

All subjects included in this study had clinically diagnosed 

liver metastasis after CRC surgery.

The study was approved by the Hunan Provincial Cancer 

Hospital review board. Written informed consent was taken 

from patients before enrolling into the study. There was no 

bias in selecting the patient population. Based on patient’s 

affordability and tissue biopsy and gene detection test for 

KRAS and NRAS genes were conducted prior to RFA.

RFa procedure and CT
An ultrasound-guided RFA through percutaneous approach 

under general anesthesia was performed in all patients. The 

devices used for the procedure were as follows: (i) RFA treat-

ment system using internally cooled tip electrodes (Valleylab, 

Boulder, CO, USA) for generating radiofrequency; and (ii) 

ultrasound equipment (GE LOGIQ P
5
 Color and Philips 

CX50 portable color Doppler ultrasound, convex array probe, 

the frequency of 3.5–4.0 MHz) that acts as a guide for the 

needle electrode to reach the tumor location. Examination of 

blood, urine, liver, and renal function, and electrolytes was 

examined prior to RFA. For pathologic analysis, biopsy tis-

sue sample was obtained by tumor puncture from those who 

agreed for biopsy test and centesis. Due to age and economic 

reasons, liver tissue was taken only from some patients to 

examine KRAS and NRAS genes.

The RFA technique and design depended on the morphol-

ogy of the lesion: (i) for the long lesion, single-needle multi-

point ablation for 12 minutes per hour; ii) for flat oval lesions, 

multi-needle multipoint ablation for 12 minutes per point; iii) 

for cylindrical lesions, multi-needle point up and down for 

12 minutes per hour; and iv) for the liver surface, RF needle 

was placed 5 mm from the organ with caution for high-risk 
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areas like gallbladder, bile duct, etc. MRI was performed 1 

week after RFA to check on the ablation status. Blood, liver, 

and renal function were repeated about 1 week after RFA, 

then to prolong the effects of RFA and prevent recurrence, 

systemic CT or systemic CT along with molecular-targeted 

therapy (cetuximab or bevacizumab) was initiated.

Data collection, outcomes measured, and 
follow-up
All cases were followed up till June 30, 2016 via telephone, 

letters, personal visit, and household registration survey 

from police department, for determining survival and cause 

of death. Survival time was calculated from the time of 

hospitalization for liver metastasis. No patient was lost to 

follow-up. All patients who underwent RFA and systemic CT 

were evaluated. The patients were followed up at least once 

a year during the study. The outcomes studied included as 

follows: (i) 1-, 3-, and 5-year survival rate; and ii) survival 

difference with respect to gender (male and female), age (<50 

and ≥50 years old), tumor site (left and right liver), tumor size 

(≤5 - and >5 cm), and CT regimen after RFA (systemic CT 

and systemic CT combined with molecular-targeted therapy).

statistical analysis
The statistical analysis was performed using SPSS 18.0 

(SPSS Inc., Chicago, IL, USA). Descriptive statistics was 

used to summarize baseline characteristics. Continuous 

variables (age, tumor mass size, tumor mass location, sur-

vival time, number of subjects receiving CT, and number of 

subjects receiving CT along with molecular-targeted therapy) 

were expressed as mean, median, and SD. Kaplan–Meier 

method was used to predict long-term survival. To compare 

the survival difference with respect to gender, age, tumor 

mass site, tumor mass size, and CT regimen after RFA, 

univariate analysis was performed by log-rank test. P value 

<0.05 was considered statistically significant. For those 

variables which were significant in the univariate analysis, 

Cox regression model was used for multivariate analysis to 

predict the independent prognostic factors for survival rate.

Results
Patient demographics and 
clinicopathologic features
A total of 109 patients with CRC and single liver metastasis 

were enrolled over the 10-year study period. The median 

follow-up time was 26.0 months, with the longest survival 

time of 113 months. Most of the patients visited hospital 2–4 

times in 1 year to be reviewed. Although no cases dropped 

out of the study, 54 out of 109 patients died and the cause 

of all deaths were tumor-related and not RFA-related. The 

mean age of the study population was 53.84+11.71 years. 

The mean tumor mass size among all subjects was 3.4+2.01 

cm (maximum: 12.4 cm), with 80.7% of subjects having the 

right liver lobe as the tumor location. There were 92 patients 

with tumor measuring ≤5 cm and 17 with tumor measuring 

>5 cm. Ablation was complete (Figure 1A, B, blue arrow 

marks lesion and red arrow points toward ablated area) in 

95 (87.2%) patients and partial (Figure 1C, D, yellow arrow 

points toward remanant lesion) in 14 (12.8%) patients with 

median RFA time of 26 minutes (range: 12–120 minutes). 

Post RFA, the number of patients who underwent standard-

ized systemic CT and standardized systemic CT combined 

with molecular-targeted therapy was 83.4% and 16.5%, 

respectively. The demographic and clinicopathologic data 

are summarized in Table 1.

Biopsy of liver lesions is important; however, some 

patients disagreed for biopsy, and some were not suitable 

for percutaneous needle biopsy because of special locations 

of the lesions (n=39).

survival outcome
The 1-, 3-, and 5-year cumulative survival rates were 

92.3%, 50.7%, and 41.6%, respectively. The overall mean 

survival time was 56.5 months and the overall median 

survival time was 39.0 months. The 1-, 3-, and 5-year 

survival rates for standardized systemic CT were 94.4%, 

46.2%, and 37.2%, respectively, with mean survival time 

of 52.8 months and median survival time of 31.0 months 

(Figure 2). The 1-, 3-, and 5-year survival rates for stan-

dardized systemic CT+ molecular targeting were 93.8%, 

74.0%, and 63.5%, respectively, with mean survival time 

of 50.3 months.

Factors affecting survival outcome
Log-rank method was used to compare survival rate differ-

ence between different groups, including age, gender, tumor 

size, tumor location, and CT regimen after RFA (Table 2). 

No significant difference in survival rates were observed 

between male and female patients (P=0.985; Figure 3). 

A significant difference in the survival rate was observed 

among the different age groups (P=0.025; Figure 4) with the 

survival rate being better for patients aged ≥50 years. For 

≥50 years group, the 1-, 3-, and 5-year survival rates were 

91.0%, 58.0%, and 49.7%, respectively, with median (mean) 

survival time of 56.0 (67.3) months. For <50 years group, 

the 1-, 3-, and 5-year survival rates were 94.7%, 39.2%, and 
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29.8%, respectively, with median (mean) survival time of 

24.0 (40.8) months. There was no significant difference in 

survival between different tumor sites and tumor mass size 

groups (P=0.331 and P=0.123; Figures 5 and 6, respec-

tively). Also, no statistically significant difference in survival 

was noticed between the different CT regimen after RFA 

(P=0.091; Figure 7). Age was included as an independent 

prognostic factor for the final equation by Cox regression 

analysis. Those patients aged ≥50 years were 0.550 times at 

risk of death than patients aged <50 years (Table 3). Other 

factors were excluded in the equation.

The 1-, 3-, and 5-year survival rates for patients who 

underwent complete ablation were 93.5%, 59.5%, and 

49.1%, respectively. The 1- and 2-year survival rates for 

Figure 1 Partial and complete ablation.
Notes: (A) sigmoid colon cancer postoperative right hepatic gallbladder 2.4 cm metastasis (blue arrow). (B) RFa showed 3.7 cm complete ablation area (red arrow). (C) 
ascending colon cancer postoperative right liver 8.5 cm metastases (blue arrow). (D) RFa showed partial ablation (red arrow), the surrounding a little residue (yellow arrow).
Abbreviation: RFa, radiofrequency ablation.

A B

C D

patients who underwent partial ablation were 84.6% and 

23.1%, respectively, while the 3- and 5-year survival rate 

cannot be calculated. The median survival time for patients 

who underwent complete ablation and partial ablation on 

liver tumor were 56.0 and 19.0 months, respectively, with 

a statistically significant difference observed (P<0.01) 

(Figure 8).

Treatment complications
The incidence of serious complications was 1.8% (2/109). 

There was a case of biliary fistula, which was treated by 

B-guided puncture followed by anti-inflammatory agents. 

One case of liver hemorrhage was treated through hepatic 

artery catheterization embolization. No other serious com-

www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5231

Long-term efficacy and safety of RFA with CT

plications like intestinal fistula, intestinal or gallbladder 

perforation were reported.

Discussion
In this study, we studied the efficacy of RFA with systemic 

CT in the treatment of solitary liver metastasis after  surgery 

Table 1 Patient demographics and clinicopathological features

Baseline characteristics N=109

average age, mean (sD) 53.84 (11.71) 
years

gender
Male 70
Female 39

Tumor mass location, n
left liver lobe 21
Right liver lobe 88

Tumor mass size, mean (sD) 3.4 (2.01) cm
≤5 cm 92

>8 cm 17 (maximum: 
12.4 cm)

histopathologic diagnosis of tumors
Metastatic adenocarcinoma 55(55/70)
no biopsy 39
CT regimen after resection of colorectal cancer, n
mFOlFOX6,4–6 weeks 54
FOlFiRi, 4–6 weeks 37
mFOlFOX6+ molecular targeted therapy, 6–12 weeks 8

FOlFiRi + molecular-targeted therapy, 6–12 weeks 10
ablation status post RFa, n

Completely ablated 95
Partial ablation 14

systemic CT regimen after RFa
standardized systemic chemotherapy, ≥4 weeks 91

standardized systemic chemotherapy+ molecular-
targeted therapy, ≥4 weeks

18

Abbreviations: CT, chemotherapy; RFa, radiofrequency ablation.

Figure 2 Overall survival rate.
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for CRC. In our study, post RFA and systemic CT, the sur-

vival rate of patients was found to be satisfactory with age 

emerging as the independent prognostic factor. On follow-up, 

minimal complications were observed in the 10-year study 

period.

Surgical resection is the standard therapy for CRLM 

associated with high survival rate and low mortality and 

morbidity.9,11,38 The mortality rate reported in our study was 

comparable with other published reports. There was no case 

of mortality related to RFA. There was no case of mortal-

ity related to RFA. All deaths reported were due to tumor. 

Similarly, Solbiati L et al did not observe procedure-related 

death,39 whereas in study by Boame N et al,40 postoperative 

death was reported in 1.2% of subjects. CT and RFA are the 

proposed alternative methods in unresectable hepatic neo-

plasms.41,42 RFA is a minimal invasive procedure based on 

the principle of tumor cell death by coagulative necrosis at a 

temperature >60°C. The RF waves produce thermal energy, 

causing intracellular protein denaturation, destruction of the 

cell membrane, and thrombosis of the microvasculature.28,29,43 

Though RFA has advantages of easy applicability and safety, it 

is not suggested for larger tumors (>5–6 cm) as it is incapable 

of complete necrosis in these cases.44 The biggest drawback 

of RFA in tumors of liver tissue is its high recurrence rate.45,46

In case of solitary metastasis of liver, RFA is a better 

choice.31,47,48 Multiple studies have compared surgical resec-

tion and RFA in patients with CRLM. A 10-year retrospective 

study on patients with CRLM reported overall recurrence to 

be common after RFA (84%) compared with RFA + resec-

tion (64%) and resection alone (52%, P<0.001).11 The OS 

at 5 years was the highest (58%) after resection. Both liver-

only recurrence and true local recurrence were significantly 
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Table 2 Univariate analysis of prognostic factors of long-time survival

Variables Sample size Survival (%) Survival (months) c2 value P-value

1-year 3-year 5-year Mean Median

gender
Male 70 92.5 51.7 37.7 57.9 39.0 0.000 0.985
Female 39 92.0 49.3 49.3 53.1 31.0

age group
<50 years old 39 94.7 39.2 29.8 24.0 5.030 0.025

≥50 years old 70 91.0 58.0 49.7 56.0
Tumor mass location

left liver lobe 21 95.2 63.1 47.3 48.1 49.0 0.943 0.331
Right liver lobe 88 90.4 47.4 40.1 55.5 31.0

Tumor mass size
≤5 cm 92 92.1 55.3 45.8 58.3 49.0 1.553 0.213

>5 cm 17 93.8 31.3 23.4 41.7 28.0
systemic CT regimen after RFa

standardized systemic chemotherapy 91 94.4 46.2 37.2 52.8 31.0 2.848 0.091
standardized systemic chemotherapy+ 
molecular targeting

18 93.8 74.0 63.5 50.3 –

Notes: in some subgroups, the sample size was too small to perform the test. P value <0.05 was considered statistically significant.
Abbreviations: CT, chemotherapy; RFa, radiofrequency ablation.

Figure 3 survival comparison in male and female patients.
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Figure 4 Comparison of survival rates in different age groups.
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Figure 5 Comparison of survival rates of different tumor sites.
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Figure 6 Comparison of survival rates of different tumor sizes.
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Figure 7 Comparison of survival rates of different treatment regimens.
Abbreviations: CT, chemotherapy; RFa, radiofrequency ablation.
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more common after RFA compared with resection.11 The 

4-year survival was significantly lower in patients with RFA 

compared with resection and combination therapy of resec-

tion and RFA (22%, 65%, 36%; P<0.0001).11 However, in 

cases where resection was not possible, the survival in RFA 

+ resection or RFA monotherapy was higher than CT alone 

(P<0.0017).11 Another retrospective study analyzing 12-year 

data showed significantly lower recurrence (5% vs 37%, 

P<0.001); a significantly higher 5-year OS was observed in 

patients with CRLM, who were treated with hepatic resec-

tion, compared with RFA (71% vs 27%; P<0.001).49 The local 

recurrence was higher in RFA compared with resection and 

the 5-year recurrence-free survival was significantly lower in 

RFA treated patients compared with patients who underwent 

resection (P<0.001).49 On the contrary, Leblanc et al reported 

that the local recurrence and survival rates were comparable 

and not statistically different between RFA, surgical resec-

tion, and combination therapy when size and topographic 

characteristics of liver metastases were considered for RFA.50 

Similar results were observed in other studies on recurrence 

rates and OS between RFA and hepatic resection in small 

tumors (<3 cm) in solitary CRLM.51,52 Thus, these studies 

support that RFA could be an alternative in case of unresect-

able tumors of small size. In our study, we kept 5 cm as the 

tumor diameter because threshold has been used in previously 

reported studies on colon cancer53,54 and safety and efficacy 

of RFA in smaller tumor (average range of tumor diameter: 

2.8 and 2.1–3.4 cm)40,55 are already reported.

CT used after resection has proven to lower recurrence 

compared with resection alone.56 Based on these data, studies 

using RFA and CT were conducted in patients with CRLM. 

In our study, the 1-, 3-, and 5-year cumulative survival rates 

were 92.3%, 50.7%, and 41.6%, respectively, after RFA and 

CT. The mean survival time was 56.5 months and the median 

survival time was 39.0 months. Our results are comparable 

with several other studies that reported survival benefits 

of RFA and systemic CT in patients with solitary CRLM. 

A study by Gillams et al reported a median survival of 59 

months with 1-, 3-, and 5-year survival rates being 97%, 

84%, and 40%, respectively in 40 patients with solitary, 

Table 3 Multivariate analysis of independent prognostic factors for survival rates

Factor Estimate SE Wald c2 P-Value HR HR: 95% CI 

Lower limit Upper limit

age group −0.598 0.273 4.805 0.028 0.550 0.322 0.939

Notes: P value <0.05 was considered statistically significant.

Figure 8 Comparison of survival rates of different ablations.
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unresectable CLRM, with an average diameter of 2.3 cm 

(range: 0.8–4.0 cm).57

Another study reported similar survival outcomes in 

100 patients with CRLM, who underwent RFA, as the first- 

and second-line treatment after CT. The 1-, 3-, and 5-year 

survival rates were 90%, 42%, and 30.5%, respectively.58 

A study, comparing systemic therapy and RFA+ systemic 

therapy, reported a survival rate of 61.7% for 30 months in 

combination arm with median OS of 45.3 months. There was 

also a significant improvement in the 3-year progression-free 

survival rate in case of combination therapy.59 A retrospec-

tive study conducted by Knudsen et al evaluated patients 

with CRLM treated with RFA after systemic CT. The results 

showed a 5-year survival of 34% with a median survival time 

of 39 months.60 Gillams et al conducted a study of 69 patients 

with CRLM who were not eligible for resection. The patients 

underwent RFA with CT (either before, after, or along with 

RFA). The median survival time was 27 months with 1-, 3-, 

and 4-year survival of 90%, 34%, and 22%, respectively.61

Complete ablation was defined as no abnormal enhance-

ment in and around lesions by enhanced CT or MRI 1 week 

after RFA on liver tumor. Partial ablation was defined as 

abnormal enhancement in and around lesions by enhanced 

CT or MRI 1 week after RFA on liver tumor. The previous 

studies reported safety and efficacy of this treatment regimen 

in relatively smaller tumors (average tumor size: 2.8 cm55; 

tumor diameter range: 2.1–3.4 cm40), whereas in our study, 

we have compared safety and efficacy of RFA in tumors 

with a diameter of ≤5 and >5 cm. Out of 109 patients in 

this study, there were 92 patients with a tumor diameter of 

≤5 cm, 17 with that of >5 cm, which averages the diameter 

to 3.4+2.01 cm (maximum: 12.4 cm). The size of tumor 

substantially affects the efficacy and thereby, the recurrence 

rate of RFA.55,62 The 1-, 3-, and 5-year survival rates were 

92.3%, 50.7%, and 41.6%, respectively, with mean survival 

at 56.5 months and median at 39.0 months. Our results were 

lower compared with Gillams’ results in terms of median 

survival (39 vs 59 months) and 3-year survival rate (50.7% 

vs 84%), while the results were comparable in terms of 

5-year survival rate (41.6% vs 40%). Our results were better 

than those reported by Machi48 (5-year survival rate: 30.8%, 

median survival: 28 months) and Treska52 regarding long-

term survival rate. Some of these studies included multi-liver 

metastatic lesions and some only included ≤3 cm solitary 

lesion, and most of the studies did not include cases with 

lesions >3 or even >5 cm.

Although several factors were studied, including gen-

der, age group, tumor location, tumor size, the association 

between survival outcomes and systemic CT, and the asso-

ciation between systemic CT and molecular-targeted therapy 

after RFA, age was the only independent prognostic predictor 

for survival on multivariate analysis as subjects <50 years of 

age had higher risk of death than those aged ≥50 years. We 

suspect that the comparatively higher survival rate observed 

in patients aged >50 years might be due to presence of more 

aggressive tumors in younger subjects (aged <50 years).63–65 

Similar results were observed in another study that used RFA 

as first- or second-line treatment after CT; age (70 years) was 

found to be the significant parameter, affecting survival, on 

multivariate analysis.36,58

Although RFA is easy to operate and is less invasive, some 

serious complications have been reported. The complica-

tions include bleeding, needle track seeding, biliary fistula, 

intestinal fistula, liver abscess, portal vein thrombosis, biliary 

perforation, and in some cases, pulmonary problem.28 The 

incidence of complication in the present study was 1.8%, 

which was similar to another study that reported 1.3% of 

adverse events.36

To the best of our knowledge, this was the first long-term 

study conducted in China, which evaluated the efficacy and 

safety of ultrasound-guided RFA along with systemic CT and 

molecular-targeted therapy used in the treatment of solitary 

CRLM. The results were satisfactory with improvement in 

OS. We also believe that: (i) single-operation technology can 

significantly reduce the blindness and number of punctures, 

thereby improving the accuracy and efficacy; (ii) according 

to the morphology and size of solitary lesion, single-needle 

multipoint or multi-needle multipoint, 12 minutes per point 

design could be used, thereby expanding ablation area and 

reducing the residual tissue and local recurrence. In this 

study, the median ablation duration was 26 minutes and the 

complete ablation rate was 87.2%. The median survival time 

of patients of complete and partial ablation were 56.0 and 19.0 

months, respectively, with a statistically significant difference 

observed (P<0.01). Although survival rate was higher in the 

RFA along with systemic CT and molecular-targeted therapy 

compared with RFA and systemic CT, it could not reach any 

statistical significance due to the small sample size. More 

large-scale randomized studies are warranted to explore the 

efficacy of RFA in combination with systemic CT and RFA in 

combination with systemic and targeted therapies in increas-

ing the OS benefit of solitary CRLM; and (iii) solitary large 

liver metastatic lesion was reported in this study. A total of 

17 patients had lesions of >5 cm diameter with the largest 

among them being of 12.4 cm diameter. This is the first study 

reporting RFA targeted at large tumors.
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Conclusion
RFA along with systemic CT is effective and safe in patients 

with solitary liver metastasis after surgery for CRC. However, 

randomized control trials with more frequent follow-ups are 

warranted in future to ascertain its efficacy in treating solitary 

liver metastasis after surgery for CRC.
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