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Treatment possibilities for patients with CRLM have rapidly expanded in the past decade. 

Where surgery has long been regarded as the only curative option, local ablation has 

emerged in the past 20 years as a serious alternative for the large group of patients that 

can’t benefit from surgical resection. RFA is the technique currently most studied and used. 

The focus of RFA is shifting from a technique with solely palliative intent to an additional 

treatment with the possibility of cure. A lot of research has been done about the outcomes 

of RFA. Currently, 5 year survival rates of over 45% are reported after RFA that are 

comparable to results of surgical resection in selected cases. However, the main area of 

concern remains the risk of local site recurrences (within the ablation zone). This is indeed a 

serious issue, with local site recurrences reported in 6-30% of the patients treated with RFA 

for CRLM, mainly depending on site and size of the lesion. 

 

PART I: THE PRESENT 

In Chapter 2 we evaluated our own results of 13 year RFA treatment for patients with CRLM 

regarding survival and recurrences. We focused especially on the local site recurrences (LSR) 

and the possibilities to treat this special type of recurrent disease. Outcomes were evaluated 

in 132 patients that were treated from July 2000 to December 2010. All patients had 

metastases confined to the liver or liver dominant disease. Patients with extensive, 

untreatable extrahepatic disease were not included. In 64 patients, RFA was combined with 

surgical resection. These 132 patients together had 390 lesions, of which 290 were ablated. 

A median of three tumors were treated per patient. Median survival was 41 months, with a 

3- and 5-year survival of respectively 60% and 30.8%. Following initial RFA, 30.8% of the 

patients developed an LSR in 14.1% of the ablated lesions. This is comparable to results from 

previous literature. Local recurrence occurred In 39 patients and was strongly related to 

lesion size; 9% in lesions <3cm up to 45% in lesions >5cm. A LSR was not a predictor for 

overall survival (39 months for patients with LSR and 44 months without, p = 0.75). Re-

treatment could be performed in 26/39 patients, of whom eight remained disease-free after 

a median follow-up of 34 months. The reason not to treat a LSR was the presence of too 

extensive new intrahepatic of extrahepatic disease. These patients were referred to the 

medical oncologist. Local recurrence on its own was never a reason to deter from renewed 

local treatment. These study findings suggest that RFA can be applied to CRLM of <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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Of all patients that are initially unsuitable for local treatment of their CRLM because the 

disease load is too extended or the localization of the tumor prohibits radical treatment, 

patients are referred to the medical oncologist for systemic chemotherapy. Some patients 

are fortunate enough to have follow-up imaging conducted during chemotherapy. In up to 

20% of the patients with liver dominant disease, we find that CRLM can become resectable 

after their chemotherapy that was started with palliative intent. Little is known about results 

of RFA after conversion chemotherapy. In Chapter 3, we evaluated the results of patients 

that were treated with RFA or RFA combined with resection after chemotherapy had 

converted their extended disease load to locally treatable proportions. Patients were only 

included if local treatment after downstaging could potentially achieve complete treatment 

of the tumor load. We identified 51 patients between January 2006 and July 2013 with a 

total of 325 CRLM. Following chemotherapy, 183 lesions were still visible on CT (median of = 

3), of which only 68 were visible using PET. During surgery, 309 CRLM were retrieved on 

intra-operative ultrasound (median of = 5). Twelve patients remained free of disease during 

follow-up. With 49 months, median survival was directly comparable to survival after hepatic 

resection. Extrahepatic disease at time of RFA treatment and recurrences after RFA were 

associated with worse overall survival. Because these good results, we advise that follow-up 

imaging during (palliative) chemotherapy should always be conducted. To prevent under-

treatment, the involvement of a multidisciplinary team in assessment of local treatment 

possibilities after palliative chemotherapy for liver dominant CRLM should always be 

considered. The use of intra-operative ultrasound remains essential in uncovering all lesions.  

 

 

 

 

 

 

Chapter 2 

“RFA of lesions < 3cm can be curative” 

“Repeated treatment of isolated local site recurrences is possible and can provide 

complete tumor clearance” 

Chapter 3 

“All patients treated with palliative chemotherapy for liver-dominant disease 

should undergo regular imaging and evaluation by a multidisciplinary team. Only 

then patients can be identified that become candidates for local treatment, even 

when the initial stage of the disease precluded any prospect of cure” 
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When ablation is indicated for recurrent CRLM after previous local treatment, the CT-guided 

percutaneous technique is often preferred. However, on non-enhanced CT, tumor tissue is 

hardly visible in many cases, especially when patients are also treated with chemotherapy. 

When using standard intravenous contrast, the visualization of the tumor and the ablation 

zone is often limited to a short time window. Consequently, having reached the maximum 

dose of contrast material after one or two injections, repetitive monitoring during the 

intervention is restricted. This prevents from dynamic and real-time tumor delineation 

during probe advancement and during probe repositioning. In Chapter 4 we describe the 

new use of a known technique. We evaluated the feasibility of combining transcatheter 

arterial portography (CTAP) or transcatheter hepatic arteriography (CTHA) for optimised and 

repeated liver tumor exposure during percutaneous ablation in 12 patients. Prior to ablation 

a catheter was placed within the superior mesenteric artery or in the hepatic artery. We 

proceeded with (often repetitive) injection of 60ml of 1:2 dilution of contrast with 0.9% 

saline, allowing multiple contrast enhanced scans or CT fluoroscopy sessions within one 

procedure, and ablation was performed immediately after. The technical success rate was 

100% and there were no major complications. Between 10-20ml of contrast material was 

needed for adequate visualisation. Total average injected dose administered was 130ml, 

which is slightly more than the 100ml used for one standard contrast enhanced CT. 

Compared to an unenhanced scan, operator confidence increased considerably in all cases; 

mean needle-to-target mismatch-distance was 2.4±1.2 mm (range 0-12.0mm). For 11 out of 

12 patients at least one lesion was invisible on both US and unenhanced CT. Local site 

recurrence was observed in two patients at 3 months (3/17 lesions). 

 

 

 

 

 

The main area of concern regarding RFA of CRLM is the risk of developing a LSR. The 

incidence and treatment of this special type of recurrence is described in chapter 2. Follow-

up imaging plays a key role in the detection of recurrent disease, especially because 

treatment of recurrences can provide complete tumor clearance. Reported accuracy of PET-

CT in detecting LSR is high compared to morphological imaging alone, but no internationally 

accepted criteria for image interpretation have been defined. In Chapter 5 we try to assess 

criteria for FDG PET-CT image interpretation following RFA, and to define a timetable for 

follow-up detection of LSR. Seventy-nine patients with 179 CRLM received follow-up using 

Chapter 4 

“CTAP/CTHA ) facilitates improves lesion detection and operator confidence 

regarding adequate placement of needles during percutaneous RFA” 



SUMMARY
 

194 

When ablation is indicated for recurrent CRLM after previous local treatment, the CT-guided 

percutaneous technique is often preferred. However, on non-enhanced CT, tumor tissue is 

hardly visible in many cases, especially when patients are also treated with chemotherapy. 

When using standard intravenous contrast, the visualization of the tumor and the ablation 

zone is often limited to a short time window. Consequently, having reached the maximum 

dose of contrast material after one or two injections, repetitive monitoring during the 

intervention is restricted. This prevents from dynamic and real-time tumor delineation 

during probe advancement and during probe repositioning. In Chapter 4 we describe the 

new use of a known technique. We evaluated the feasibility of combining transcatheter 

arterial portography (CTAP) or transcatheter hepatic arteriography (CTHA) for optimised and 

repeated liver tumor exposure during percutaneous ablation in 12 patients. Prior to ablation 

a catheter was placed within the superior mesenteric artery or in the hepatic artery. We 

proceeded with (often repetitive) injection of 60ml of 1:2 dilution of contrast with 0.9% 

saline, allowing multiple contrast enhanced scans or CT fluoroscopy sessions within one 

procedure, and ablation was performed immediately after. The technical success rate was 

100% and there were no major complications. Between 10-20ml of contrast material was 

needed for adequate visualisation. Total average injected dose administered was 130ml, 

which is slightly more than the 100ml used for one standard contrast enhanced CT. 

Compared to an unenhanced scan, operator confidence increased considerably in all cases; 

mean needle-to-target mismatch-distance was 2.4±1.2 mm (range 0-12.0mm). For 11 out of 

12 patients at least one lesion was invisible on both US and unenhanced CT. Local site 

recurrence was observed in two patients at 3 months (3/17 lesions). 

 

 

 

 

 

The main area of concern regarding RFA of CRLM is the risk of developing a LSR. The 

incidence and treatment of this special type of recurrence is described in chapter 2. Follow-

up imaging plays a key role in the detection of recurrent disease, especially because 

treatment of recurrences can provide complete tumor clearance. Reported accuracy of PET-

CT in detecting LSR is high compared to morphological imaging alone, but no internationally 

accepted criteria for image interpretation have been defined. In Chapter 5 we try to assess 

criteria for FDG PET-CT image interpretation following RFA, and to define a timetable for 

follow-up detection of LSR. Seventy-nine patients with 179 CRLM received follow-up using 

Chapter 4 

“CTAP/CTHA ) facilitates improves lesion detection and operator confidence 

regarding adequate placement of needles during percutaneous RFA” 

 
195 

170 PET-CT scans in the first year after RFA and were evaluated. Evaluation was continued 

until a local site recurrence was diagnosed. The majority of the PET-CT scans described in 

this study were obtained within the first six months after RFA. Thirty patients developed a 

LSR and all but one (97%) became apparent within one year of RFA treatment. Focal uptake 

in the ablation zone is always considered a LSR. Rim-shaped FDG uptake around an ablated 

area can disappear spontaneously within 5 months and therefore is not pathognomonic for a 

LSR. We propose that a 3-6 monthly PET-CT should be performed within the first year after 

RFA, bearing in mind that rim-shaped FDG uptake up to 5 months can still be physiological. 

This regime may increase the detection of smaller recurrent lesions and therefore improve 

the efficacy of repeated local treatment. Lesions < 2cm rarely develop a LSR (4%), so the 

yield of PET-CT in the follow-up of these lesions may be minimal. Future large prospective 

trials are necessary to establish a survival benefit of an intensive follow-up regime after 

ablative treatment. 

 

 

 

 

PART II: THE FUTURE  

The search for improvements in local ablations is ever ongoing. One of the most innovative 

and new techniques in this regard is irreversible electroporation (IRE). This is a non-thermal 

ablation technique that uses electrical pulses to induce cell death, whilst preserving 

structural integrity of bile ducts and vessels.  As an introduction to this new technique, 

results that have been described so far are summarized in a systematic review, which forms 

Chapter 6. We identified a total of 16 studies that reported results on safety, feasibility 

and/or efficacy of IRE in humans including. This included 7 studies that only reported on one 

or two cases. This emphasizes the early and experimental stage of this technique. All tumors 

treated were unsuitable for any other local treatment technique. Complications were 

generally mild, but could be more severe when using this technique in the pancreas. 

Complete response at 3 months was 67-100% for hepatic tumors (93-100% for tumors<3cm). 

Where other techniques are unsuitable, IRE is a promising modality for the ablation of 

tumors near bile ducts and blood vessels. These preliminary results suggest that IRE of 

central liver tumors seems relatively safe.  

 

Chapter 5 

“We recommend a 3-6 monthly PET-CT in the first year after RFA to enable early 

recurrence detection and repeated treatment when appropriate” 
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As mentioned in chapter 6, the first results of IRE appear promising. However, the technique 

is still in its infant shoes. Due to small patient numbers, heterogeneous inclusion criteria and 

a relatively short follow-up period, extrapolation to general clinical practice is uncertain. 

Furthermore, the effects of IRE on human cancer cells and the mechanism of cell death 

remain poorly understood. Therefore, we designed the COLDFIRE I study, a prospective 

ablate-and-resect study evaluating the effect of IRE on CRLM. Results are described in 

Chapter 7. In 10 patients, we treated 10 lesions that could be resected with IRE during a 

laparotomy. After a median of 84 minutes, in which we treated additional lesions, we 

resected the lesion that was treated with IRE. With no major adverse events, the technique 

seems relatively safe in this small population. The ablation could be visualized real-time 

using ultrasound, and afterwards the ablation zone and the tumor could be clearly 

identified. Additional macroscopic staining showed avitality of all lesions, covering the 

complete tumor in all but one lesion. Although immunohistochemistry proved 

heterogeneous and difficult to interpret within the tumors, it confirmed irreversible cell 

damage in the tumor-free margin of all specimens with clear indications of apoptosis instead 

of coagular necrosis. Future studies should focus on characterization of the optimal tissue- 

and tumor-specific ablation parameters to improve ablation success. After this first 

important step, we plan to validate our results in the currently ongoing COLDFIRE II trial for 

centrally located CRLM.  

 

 

 

 

Relying on multiple cycles of short and extremely high-voltage electrical pulses to eradicate 

tumor cells, IRE presents a whole new challenge for the anesthesiologist and his team. This 

includes the possible triggering of cardiac arrhythmias, severe muscle contractions and 

epileptic seizures due to stimulation of cardiac, muscular or nervous tissue respectively. All 

IRE procedures require general anesthesia so complete muscle paralysis can be obtained to 

prevent severe muscle contractions. All pulses are administered during the refractory period 

of the heart rhythm to prevent arrhythmias. Chapter 8 describes our experiences with IRE 

from an anesthetic point of view and we aimed to confirm previous formulated safety 

Chapter 6 

“Irreversible electroporation is a new and promising ablation technique that 

enables safe ablation of tumors with preservation of vulnerable structures” 

Chapter 7 

“The COLDFIRE I study confirms that IRE can provide an adequate and avital 

tumor free margin around the tumor” 
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guidelines. Twenty-eight patients underwent thirty IRE sessions for tumors in the liver, 

pancreas, kidney and lesser pelvis. No major adverse events occurred during IRE. Two 

transient minor cardiac arrhythmias without haemodynamic consequences were observed, 

that terminated as soon as the procedure was ended. Muscle contractions were mild and 

confined to the treatment area. Additionally, IRE caused no reactive brain activity on a 

simplified EEG. Side-effects during IRE on various tumors seem mild and manageable when 

current recommendations for anaesthesia management, including deep muscle relaxation 

and ECG synchronised pulsing, are followed. Electrical pulses do not seem to cause reactive 

cerebral activity and we believe epilepsy as an absolute contra-indication for IRE seems 

questionable.  

 

 

 

 

Just as technologies are evolving in the field of tumor ablation, so are the techniques in the 

field of imaging. Chapter 9 provides an insight in a study protocol of an ongoing trial 

evaluating the use of PET-MRI in the follow-up after RFA of CRLM. As mentioned before in 

chapter 2 and 5, local site recurrences after RFA of CRLM remain common. Because 

treatment can still provide absolute tumor clearance, early detection is of paramount 

importance. New intrahepatic lesions after primary liver treatment in an early phase can also 

often be treated. PET-CT is now the most reliable guide to evaluate response to treatment in 

the liver. However, we know that MRI is able to detect smaller hepatic lesions than PET-CT. 

In this prospective observational study, we compare the results of PET-MRI to the results of 

PET-CT. Effectively; this gives us the opportunity to compare 4 different imaging modalities 

with each other. Clinical care during this study will be based on the PET-CT, as is part of our 

standard follow-up. We hypothesize that LSR detection will be comparable on both PET-CT 

and PET-MRI, but that the PET-MRI will be superior in detection new intrahepatic lesions.  

We will compare decisions on treatment based on the PET-CT with the proposed treatment 

based on PET-MRI images.  

  

Chapter 8 

“IRE presents challenges to the anaesthesiologist because of the extremely high 

voltages. Deep muscle relaxation and ECG synchronised pulsing are mandatory. 

Epilepsy doesn’t have to be an absolute contra-indication” 

Chapter 9 

“The future of follow-up imaging after RFA of CRLM will be determined by a 

prospective comparative study: PET-CT vs PET-MRI” 


