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ABSTRACT

Introduction. Patients with colorectal liver metastases (CRLM), ineligible for curative 
surgery, are potential candidates for radiofrequency ablation (RFA). Although RFA has 
emerged as a well-accepted and documented treatment modality, there are still some 
preservations due to initially high rates of local site recurrences (LSR). The aim of this 
study was to evaluate LSR levels following RFA treatment, with a specific focus on 
re-treatment and survival.

Patients and Methods. All patients ineligible for curative resection of CRLM and 
undergoing RFA alone or in combination with resection were prospectively included 
from July 2000 to December 2010 and retrospectively analyzed. Patients with untreat-
able extrahepatic disease were excluded. FDG PET-CT was conducted at 3-6 months 
intervals following RFA. Patients with LSR were evaluated for re-treatment.

Results. A total of 132 patients were treated with RFA, which was combined with 
resection in 64 patients. A total of 290 lesions were ablated, with a mean number of 
2.19 per patient and a mean size of 2.2 cm. Median survival was 41 months, with 
a 3- and 5-year survival of respectively 60% and 30.8%. Following initial RFA, 39 
patients developed an LSR in 40 ablated lesions and local recurrence was strongly 
related to lesion size. Re-treatment could be performed in 26/39 patients, of whom 
eight remained disease-free.

Conclusion. RFA can be applied to CRLM of less than 3 cm with curative intent. In 
the absence of extensive intra and/or extrahepatic disease, renewed treatment of local 
recurrences should be considered and is often successful.
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INTRODUCTION

Colorectal carcinoma is one of the most common malignancies in the Western world. 
In 20-25% of patients with colorectal carcinoma, liver metastases are already present 
at the time of diagnosis of the primary tumor and another 20-30% of patients develop 
metachronous liver metastases, of which 90% become apparent within 3 years after 
initial treatment 1. The prognosis of patients with untreated colorectal carcinoma liver 
metastases (CRLM) is poor, with a median survival rate of 4.5 to 12 months, depending 
on the extent of metastatic disease at the time of diagnosis. Modern chemotherapeutics 
prolong survival in these patients, extending median survival to approximately 16-24 
months 2,3.

While surgical resection remains the treatment of choice for curation of patients 
with CRLM, even in cases with limited extrahepatic disease, only 15-30% of patients 
are candidates for surgical resection due to site, size and number of metastasis or poor 
general health 4-7. The overall 5-year survival rate following resection of CRLM varies 
from 24% to 58% in selected cases and is mainly related to the number of metastases 
resected 4,5,7,8.

Radiofrequency ablation (RFA) has emerged as a well-accepted and well documented 
treatment option for selected patients with irresectable CRLM, with or without limited 
extrahepatic disease. RFA uses a high-frequency alternating current to generate heat, 
destroying tumor tissue, 9-11and is associated with low complication- and mortality 
rates (respectively 4-10% and <1%) 11,12.

Over 10 years were necessary to show that ablation concepts can extend to the field 
of curative surgery. Important in this matter were the results of recent literature show-
ing that RFA can result in complete tumor clearance and an increased life-expectancy, 
with a 5-year survival rate of 18%-43% 13-18. The main area of concern regarding RFA 
is the risk of a local site recurrence (LSR). Early data showed LSR rates of up to 46% 
19-20, although later studies reported rates of 3.6-27% 11,16,20. Despite apparent complete 
tumor destruction, local recurrences may develop from residual viable tumor cells that 
are located at the periphery of the lesion. The most important factors of influence on 
site recurrence are localization and the size of the treated lesion (> 3.5 cm) 4,10,21-23. 
Reported data on treatment of LSR are currently scarce and the aim of this study 
was therefore to determine the overall survival and the number of local recurrences 
following RFA treatment of CRLM, with a specific focus on re-treatment possibilities 
and results.
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PATIENTS AND METHODS

Patients
All patients diagnosed with CRLM between July 2000 and December 2010 were 
considered eligible for RFA treatment alone or in combination with resection. Eligible 
patients were prospectively included in our database and retrospectively analyzed. 
This study was conducted with the approval of the institutional Science Commission.

RFA was performed if metastases were considered non-resectable or if a patient’s 
general condition did not permit major surgery. Limited extrahepatic metastatic 
disease was not considered a contra-indication if all metastases could be locally con-
trolled. The decision on irresectability and treatment was made by a multidisciplinary 
liver board, based on imaging with FDG PET and CT and from 2007 on with FDG 
PET-CT and diagnostic contrast enhanced CT (ceCT) conducted within six weeks 
pre-operatively. The definite decision to perform RFA rather than resection was made 
based upon intraoperative ultrasound (IOUS) and inspection, plus palpation of the 
liver. Systemic chemotherapy was administered at the discretion of the responsible 
medical oncologist.

Perioperative morbidity was defined as complications related to RFA occurring 
during hospitalization or within 30 days post-discharge. The definition of major com-
plications followed the standardized grading system of the Society of Interventional 
Radiology (classification C-E) 24. Perioperative mortality was defined as deaths occur-
ring during hospitalization or within 30 days of discharge.

RFA
An open approach was always chosen as an initial treatment, in preference to a percu-
taneous approach, due to the added benefit of uncovering unsuspected disease through 
the use of IOUS and a potentially lower recurrence rate 25,26.

A laparotomy, for optimal liver exposure, was performed at the surgeon’s discre-
tion and the abdominal cavity was inspected for peritoneal tumor depositions. An 
experienced interventional radiologist carried out an exact evaluation of maximum 
diameter, number and location of all lesions using IOUS, and determined placement of 
electrodes. Based upon the size and site of the lesion, 2.0-5.0 cm expandable-needle 
electrodes (LeVeen, Boston Scientific, USA) were connected to a commercially avail-
able generator (RF3000, Boston Scientific, USA), aiming at a tumor free margin of 1 
cm. The lesions were ablated according to manufacturers protocol. The RFA tract was 
routinely ablated as the probe was withdrawn. A successful ablation was defined as 
a fully hyperechoic ablation zone on the IOUS images during the open procedure or 
on CT images after the percutaneous procedure. In tumors exceeding 5 cm diameter, 
the needle electrodes were repositioned for one or more overlapping ablations or they 
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were treated with bipolar RFA (InCircle, RFA Medical Inc., Fremont, USA). Bipolar 
RFA was only conducted together with ultrasound guidance during laparotomy 27.

Recurrent hepatic disease was treated with a CT-guided, percutaneous approach 
rather than IOUS, as in our experience IOUS is less accurate in localizing an LSR in 
post-ablation necrotic tissue. The procedure was performed under general anesthesia 
and patients were positioned either in a supine or prone position, based upon the opti-
mal approach to the tumor.

Follow-up and recurrent disease
Patients with a minimum follow-up of three months were eligible for analyses of treat-
ment response. Follow-up imaging was ideally performed using the same modality 
as pre-operative imaging; patients underwent both FDG PET (ECAT EXACT HR+, 
Siemens, Germany) and CT within 3-6 months after their RFA procedures. From Janu-
ary 2007, follow-up was performed using an integrated FDG PET-CT scan (Philips 
Gemini TOF, Eindhoven, Netherlands). The alternative for FDG PET-CT was a ceCT 
of thorax and abdomen with the same interval.

An experienced radiologist and nuclear medicine physicist reviewed all imaging. An 
LSR was defined as an area on FDG PET-CT of focally increased FDG uptake in or im-
mediately adjacent to the RFA treated lesion, or growth of a lesion on two consecutive 
ceCT scans. When results were positive for tumor recurrence, patients were evaluated 
for renewed treatments including: resection, RFA, stereotactic ablative radiotherapy 
(SABR) or systemic chemotherapy. If there was uncertainty whether increased FDG 
uptake was due to recurrent disease or inflammation, a second FDG PET-CT was made 
within 3 months. If no recurrence was found during follow-up, patients received ‘close 
watch’ regular follow-up schemes using FDG PET and CT or FDG PET-CT scan 3-6 
monthly for the first 3 years, followed by yearly intervals.

Statistical analyses
Clinicopathologic variables, morbidity, mortality, survival, recurrence patterns and re-
newed treatment were analyzed. Continuous variables were compared using Student’s 
t-test. Survival was calculated based on the interval between first RFA treatment and 
death or last follow-up and was estimated using the Kaplan-Meier method with the 
log-rank test to determine differences between groups. A confidence interval of 95% 
was used for each analysis, and all calculations were performed using SPSS ver. 15 
(SPSS Inc., Chicago, IL, USA).
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RESULTS

Patients
A total of 274 patients underwent surgery for CRLM between July 2000 and December 

2010, and 132 patients (48.2%) were treated by RFA, of which 64 received RFA in 

combination with resection. These 132 patients, including 85 males and 47 females 

(64.4% and 35.6%), were further evaluated (table 1). Mean age at the time of RFA was 

62.6 year (range 36-83, ci 52.7-72.5). Fifty-six (42.4%) patients were initially treated 

with RFA only, 12 (9.1%) additional patients had undergone previous liver surgery and 

were now being treated for new intra-hepatic lesions with RFA and 64 (48.5%) patients 

underwent RFA as an adjunct to resection during the same operation. An FDG-PET 

and CT or FDG PET-CT was obtained pre-operatively in 118 patients treated with RFA 

(89.4%).

Table 1 General characteristics

Patients (n) 132

Lesion RFA/total (n) 290/390

Gender (m/f) 85/47

Age (yr) 62.5 (36-83)

Synchronic/metachronic 60/72 (46.2%/53.8%)

RFA/RFA and resection 68/64

Median no of lesions total/RFA 3.0/2.19 (1-9)

Median size of lesion (cm) 2.2 (0.2-8.0)

Site original tumor Rectum

Colon

44

88

Bipolar RFA 7

Lesions
A total of 390 lesions were treated in the 132 patients undergoing RFA or RFA and 

resection; 100 lesions were resected and 290 lesions were ablated. Sixty patients 

showed synchronous metastases. The median number of treated tumors per patient 

was 3.0 (range 1-9); a median 2.19 of these lesions were ablated and ablated CRLM 

had a mean size of 2.2 cm (range 0.2– 8.0). Bipolar RFA was used to treat 7 patients 

with large diameter tumors (table 1).

Follow-up
One hundred twenty-eight patients with 282 lesions met criteria for analyses of treat-

ment response. Follow-up ranged from 3-127 months (median 36.3 months, ci 24.7-

47.9), from first RFA treatment until date of death or until last follow-up. Follow-up 
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was conducted with FDG PET-CT or a ceCT of thorax and abdomen 3-6 monthly. LSR 
occurred after a mean follow-up of 5.5 months (range 1-14) and 37/39 of these patients 
(94.8%) were diagnosed within 12 months of initial treatment.

Recurrent disease
All tumors were treated according to protocol. Following initial RFA, 101/128 (78.9%) 
patients developed recurrent disease during follow-up. An LSR was observed in 39/128 
patients (30.4%), in a total of 40/282 ablated lesions (14.1%). If subdivided by size 
of the lesion the following rates of LSR were found: 0-3 cm; 9% (n=18), 3-5 cm; 
26.5% (n=13) and > 5 cm; 45% (n=9). Of 11 lesions the exact size was unknown. Of 
the 7 large lesions treated with bipolar RFA, 5 showed local recurrence. Thirteen of 
the 39 patients with an LSR were simultaneously diagnosed with extensive intra- or 
extrahepatic disease and were therefore not eligible for renewed treatment. They were 
all referred to a medical oncologist. The remaining 26 patients met criteria for renewed 
treatment and carried 27 lesions. Twenty of these patients had an isolated LSR and 6 
had limited extrahepatic disease. Twenty patients underwent RFA (14 percutaneous, 6 
open), 3 patients were selected for resection combined with RFA (RFA of the LSR and 
resection of new intrahepatic lesions), and 3 patients received SABR.

Following first re-treatment, 5 patients remained free of disease throughout follow-
up, while twenty-one developed recurrent disease. Twelve of these patients were 
eligible for a second re-treatment and two remained disease-free during subsequent 
follow-up. Nine out of ten patients could be treated in a third RFA round and one more 
patient became free of disease. Seven patients are currently receiving ongoing treat-
ment with RFA or SABR. The multivariate analysis for the influence of the variables 
gender, synchronous/metachronous metastases, primary tumor site, size or number of 
metastases showed no significant p-values.

In conclusion, of the 26 patients with a primary LSR that were eligible for re-
treatment, 8 remain disease-free after a median follow-up of 34 months (range 19-59, 
ci 24-41.6) and 7 are still in the process of undergoing local treatment for recurrent 
disease. Eleven patients had extensive intra- and/or extrahepatic disease in combina-
tion with a LSR and did not undergo renewed treatment. When sorted by lesion size, 
the recurrence-free rate following re-treatment of LSR was comparable in all three 
categories (table 2).
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Table 2: Cured lesions after re-treatment

Size (cm)
Total lesions that developed LSR 
(% of total)

Total cured lesions after re-
treatment (% of LSR)

0-3 18 4

3-5 13 3

>5 9 2

Total 40 9

Complications
Major postoperative complications, including complications after re-treatment of 
intrahepatic lesions, were reported after 17/177 (9.6%) procedures; 5 (2.8%) occurred 
after treatment with bipolar RFA. After treatment with monopolar RFA 3 patients 
developed a liver abscess which required drainage. Other complications were a pul-
monary embolus (2), pneumothorax (1), pleural effusion (1), pneumonia (3), liver hae-
matoma (1) and first and second degree burning wounds caused by the grounding pads 
(3). After bipolar RFA 2 patients developed a liver abscess which was drained, other 
complications were a pulmonary embolus (1), perforation of the small intestine (1) 
and a wound infection (1). Peri-operative mortality was reported in two cases (1.1%), 
neither directly related to the RFA procedure. One patient had both a bowel resection 
and RFA in the same operation and died of abdominal sepsis caused by anastomotic 
leakage; one 80-year-old patient with a history of coronary disease suffered a major 
cardiac arrest. The cause of death of the two patients that died after 2 and 3 months was 
a liver-abscess and an abdominal sepsis caused by anastomotic leakage after a bowel 
resection.

Survival
Overall median survival for patients treated with RFA was 41 months (ci 33.9-48.1); the 
median survival was 39 months (ci 30.2-47.8) without LSR and 44 months with LSR 
(ci 29.6-58.4, p = 0.750) (see figure 1). We found an overall 1-, 3-, 5-year survival after 
RFA treatment of 93%, 60% and 30.8%. The 1-, 3-, and 5-year survival of RFA treated 
lesions without LSR was 91.1%, 57.4% and 35.9%, compared to 97.4%, 66.7% and 
15.5% (resp. p = 0.182, 0.275, 0.149) in patients with LSR. Patients with synchronous 
or metachronous metastasis had a median survival of respectively 45 (ci 27.7-62.2) 
and 38 months (ci 30.2-45.8, p = 0.485). A trend, however no significance, towards 
differing survival was seen for lesions of 0-3 cm and > 3 cm, with a median survival of 
respectively 45 and 37 months (p = 0.118). There was no significant difference in the 
median survival of patients treated for a number of 0-3 or > 3 lesions; 40 (ci 31.8-48.2) 
versus 52 months (ci 28.8-75.2, p = 0.934).



99

Incidence and treatment of local site recurrences following rfa of colorectal liver metastases

3

Fig.1 kaplan Meier survival curve of patients with and without a local site recurrence after RFA treatment 
of CRLM.

DISCUSSION

Local site recurrence rates following RFA have shown a continuing decline since the 
introduction of RFA and our study reiterates this trend, with an overall LSR rate of 
14.1% over a 10-year period. Our results also confi rm a trend towards more favourable 
outcomes in smaller tumors treated with RFA as we eventually achieved local control 
in 186/200 (93%) tumors of less than 3 cm, in 43/53 (81.1%) tumors of 3-5 cm, and 
12/18 (66.7%) tumors of 5 cm or greater diameter 20,25,28-30. When a local recurrence 
was detected, renewed treatment was possible in a third of all patients. Patients not 
eligible for renewed treatment all showed extensive intra- and/or extrahepatic disease. 
In cases with an isolated LSR, local treatment was possible in all patients. Overall 
survival was not signifi cantly infl uenced by the presence of LSR, probably because we 
re-treated all LSR if there was no extensive intra- or extrahepatic disease.

When compared to resection, the major benefi t of RFA is lower morbidity and mor-
tality. Morbidity following resection is reported to be as high as 67%, with a mortality 
rate of 3-8.4% 31-34, while RFA shows morbidity rates of 4.1-10% and mortality rates 
of 0-2% 11,12. Additional advantages of RFA include the use of minimally invasive 
percutaneous techniques, allowing quick recovery, and the localised destruction of 
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target tissue and preservation of viable liver tissue, making it possible to treat multiple 
lesions (>10) in one session. In contrast, although resection of > 10 metastases has 
been reported, patients undergoing this procedure showed both a very poor 5-year 
prognosis and high morbidity 35. The prevailing consensus favours resection if no more 
than 4 lesions are present 36, though these criteria are broadening.

An essential factor in any comparison of RFA and resection is the realization that 
all patients currently undergoing RFA are considered to have irresectable disease. 
This important difference was clearly seen in the significantly lower 5-year survival, 
compared to resection, in the period following the introduction of RFA 4. However, 
our results show that median- and 5-year survival of RFA-treated patients is today 
approaching survival rates typical for resection. We treated a mean of 3 lesions per 
patient in this study and achieved a 5-year survival of 30.8%, which is comparable to 
survival rates following resection of ≥ 3 lesions of 22-38% 37,38.

The main area of concern regarding RFA remains the risk of developing an LSR, 
reported to range from 3.6-40% 4,10,21-23. These figures are far higher than those result-
ing from resection of CRLM. However, significantly more patients are eligible for 
renewed treatment by RFA for local recurrent disease, with good results, compared to 
patients that underwent prior resection 4,31,39. Most literature now cites repeated lapa-
roscopic or percutaneous RFA as the current treatment of choice for recurrent disease, 
although detailed descriptions are still lacking 22,23,40.

Although all studies use imaging to diagnose an LSR due to the lack of histological 
evidence, the appearance of an LSR on imaging is still a matter of discussion. Follow-
up is now generally conducted using a ceCT scan 15,25,41. A lesion within or immediately 
adjacent to the ablation zone that increases in diameter on two consecutive scans within 
12 months of initial ablation is generally considered to be an LSR. A general shortcom-
ing of follow-up with ceCT is the post-treatment effect in the ablation margin, which 
makes diagnosis of an LSR either difficult or impossible. In our opinion, a ceCT scan 
is not sufficiently accurate for use in determining further treatment during follow-up. 
Recent literature has shown metabolic imaging with FDG PET can be a useful tool for 
assessing treatment response to RFA and predicting the likelihood of LSR 42-44. In addi-
tion, FDG PET can also reveal unexpected disease foci, which may alter management 
9,42,45. FDG PET-CT findings suggestive of local recurrence, seen within 12 months in 
37/39 patients showing an LSR (94.8%), may precede similar findings on ceCT simply 
because it is not necessary to prove lesion growth. This time interval may be clinically 
important because smaller tumors are more amenable to treatment. As no standardized 
FDG PET-CT follow-up regime could be found in literature, we arbitrarily chose a 3-6 
monthly interval.

There are four important limitations to the use of in situ ablation: tumor size, site, 
the inability to use ultrasound for real-time monitoring during a procedure, and lack of 
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histological verification of complete site ablation. The current consensus is to consider 
RFA as a CRLM treatment option for lesions smaller than 5 cm in diameter and not 

located in close proximity of vital structures 28. Due to new techniques this prevailing 

consensus regarding local ablation is being reconsidered and indications are continu-

ally broadening. These new techniques can be divided into three categories; ablation 

techniques including bipolair RFA, microwave ablation (MWA) and irreversible elec-

troporation (IRE), liver targeting therapy such as trans-arterial chemo embolization 

(TACE) and radio-embolization and SABR. A bipolar RFA system can achieve an 

ablation zone of 10cm, and thus allows improved local control in large size CRLM 

(>5cm) in a single session 27. Unfortunately, our study confirms that bipolar RFA is 
associated with higher complication rates than regular RFA; of the 7 patients treated 

with bipolar RFA, 5 developed both an LSR and later complications. MWA is the most 

recent development in the thermal ablation of large (liver) tumors and is used more 

often now experience is increasing. It uses electromagnetic energy to agitate adjacent 

water molecules which releases thermal energy 46. It can achieve high and consistent 

intra-tumoral temperatures, a larger ablation volume and faster ablation time than RFA, 

but not larger than bipolar RFA 47. While MWA is expected to be as effective as RFA 

and to have the same benefits, the risk of damage to vessels or bile ducts is higher 48.

IRE and SABR have shown promising results in treating lesions closer to blood 

vessels and bile ducts 49-51. SABR is a non-invasive approach using radiotherapy for lo-

cal treatment of oligometastases, with limited risk of radiation associated liver injury. 

IRE is a novel technique that creates an electric field across cell membranes which 
increases the permeability of a cell, causing the cell to perish, without generating heat. 

Recent findings resulting from animal studies show a sharply demarcated treatment 
area, with preservation of - acellular - connective tissue of major blood vessels and 

bile ducts in the ablated area 52. TACE has already proven its value in the treatment 

of HCC. It has been hypothesized that by administering TACE prior to, during, or 

directly after RFA, the heat loss mediated by tissue perfusion in larger lesions could 

be reduced or eliminated, with improved ablation results. In addition, as TACE is a 

regional treatment, it can target undetected satellite lesions outside of the zone of 

RFA-induced necrosis. However, there is currently very little literature supporting this 

hypothesis in CRLM and further evaluation of the efficacy and recurrence rate of this 
combination therapy is needed 53,54. Selective internal radiation therapy, using 90-Yt-

trium microspheres delivered into the hepatic arterial system, is another liver targeting 

technique that aims to reduce tumor burden. Heterogeneity in blood supply between 

tumoral- and parenchymal tissue allow for localized high-dose radiation therapy to 

be delivered into the tumor with additional ischemia due to an embolic component of 

the microspheres. Currently, the experience with radio-embolization in patients with 

CRLM is limited and most patients that are treated with failed all other treatment op-



Chapter 3.1

102

tions 55. If these techniques are optimised, they could be of great value in the treatment 
of lesions unsuitable for regular RFA.

In conclusion, improved techniques and clinical expertise have led to increased 
survival following RFA of CRLM, despite the broadening of inclusion criteria, and 
survival rates for selected cases are now approaching results achieved with resection. 
CRLM of less than 3 cm are particularly vulnerable to RFA and can today be treated 
with curative intent. This study also confirms the limitations of ablating larger (>5 
cm) lesions. The major concern with RFA, the development of LSR, can be tackled by 
improved options for re-treatment. The choice for re-treatment is mostly influenced 
by the presence of extended extrahepatic and/or intrahepatic disease. Solitary LSR 
has never been a contra-indication for re-intervention in this study. Consequently, an 
isolated LSR never led to mortality and these promising results predict a shift from 
resection to ablation in selected cases.
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