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Neuroendocrine tumors are well-suited for this trans-arterial, radionuclide-
based, liver-directed, locoregional treatment modality because of their 
typically hypervascular nature; their often liver-dominant and unresectable 
spread in metastatic disease; and the clinical benefit in reducing tumour 
load (‘debulking’) in this tumour entity. Tumour characteristics such as 
proliferative vs secretory tumour capacity and metastatic distribution have to 
be taken into account when choosing the most adequate treatment strategy. 

Radioembolisation or selective internal radiotherapy (SIRT) utilises millions 
of microscopic radioactive resin or glass spheres (approximately 30 μm in 
size) that are administered through a catheter in the hepatic artery. These 
microspheres are labelled with the pure beta-emitter, yttrium-90 (Y-90). The 
technique is applicable in patients with a high hepatic tumour load and 
liver-dominant disease.

Treatment results in prolonged but highly localised radiation of the tumour 
tissue, so preserving the normal liver tissue. The microscopic radioactive 
spheres occlude the small branches of the hepatic artery, which reduces the 
blood supply to the metastatic tissue. 

There are no randomised controlled studies investigating radioembolisation 
for liver-dominant NENs. Initial study results have indicated a possible 
benefit of SIRT for QOL and survival, with overall responses ranging from 
22–63%, disease control in 58–98% of patients and symptomatic control 
in 55–95% of functional NETs.

In patients with small intestinal NETs (SI-NETs), radiofrequency ablation 
(RFA) of liver metastases has become the preferred local ablative therapy in 
most centres and is performed for palliation of carcinoid syndrome, as well 
as to slow disease progression. 

During RFA, a needle is placed under general anaesthesia into the centre 
of the metastasis and functions as an electrode. Alternating current with a 
frequency of 350–480 KHz and a power of 15–50 watts is applied. The 
electricity induces oscillations of tissue ions in the tumour cells. The resulting 
frictional heat, which can locally reach up to 100°C, causes coagulative 
necrosis and irreversible tissue injury.

Currently, different systems, including mono-, bi- or multipolar applicators 
are used for RFA techniques. The use of new needles and saline injection 
at the metastatic site can lead to better electrical conduction. The ablation 
zone varies in shape and size. Vessels situated next to the ablated 
tissue interfere with the ablative techniques by the ‘heat sink effect’. One 
possible solution to this problem is the Pringle manoeuvre performed during 
laparoscopy or laparotomy. The manoeuvre leads to vascular occlusion 
and an accompanying reduction of the heat sink effect.

A SSA is recommended during treatment to prevent carcinoid crisis, and 
patients are followed up the next day to determine the results versus pre-
treatment. Computer tomography (CT) and PET scan can also be used post-
treatment to assess outcomes. The modified response evaluation criteria in 
solid tumours (RECIST) criteria are used to establish the success of treatment.

Total necrosis of tumour tissue occurs in around 70–90% of lesions treated. 
Incomplete necrosis can be due to presence of large blood vessels near the 
tumour, large lesions or use of local anaesthesia.

Data are generally reported from case series, and no randomised 
controlled trials have been conducted. Symptom relief occurs in the majority 
of patients (~90–100%) and can last up to 1–3 years. Disease progression 
is seen in around 80% of patients (11% at the site of the ablation), but local 
recurrence is low (~10%). Improvements in PFS have been reported, but no 
changes in overall survival (OS) have been seen. Prognostic factors include 
small lesion size (<3 cm) and female gender.

Minor and major complications occur in a small number of patients, but 
the mortality rate is low. Common complications of this procedure include 
fever, pain, pulmonary complications liver insufficiency, liver abscess and 
mechanical complications with injuries to the vessels or bile duct, including 
haemorrhage, biliary leakage, and in rare cases, perforations of the 
gastrointestinal wall.

RFA has been used in combination with liver resection in patients with 
bilobar disease. Other techniques that have been tried include microwave 
ablation and irreversible electroporation. The latter ablation technique 
involves repetitive application of electrical energy around the lesion.

Figure 3. Impact of radioembolisation on highly functioning midgut NET

Figure 4.  
Radiofrequency ablative technique




