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Therapeutic advances in oncology have led to longer survival in many forms of cancer, including those complicated by bone metastases. When a bone metastasis is painful or when there is a risk of fracture, interventional radiology procedures can be carried out for pain control and/or stabilization.

All of these techniques can be performed under local anaesthesia. Cementoplasty and vertebroplasty

Résumé

Les progrès thérapeutiques en oncologie ont entraîné une survie plus longue dans de nombreuses formes de cancer, y compris celles compliquées par des métastases osseuses. Lorsqu'une métastase osseuse est douloureuse ou lorsqu'il existe un risque de fracture, des procédures de radiologie interventionnelle peuvent être réalisées pour le contrôle de la douleur et/ou la stabilisation de la fracture. Toutes ces techniques peuvent être accomplies sous anesthésie locale. La cimentoplastie et la vertébroplastie sont des procédures de stabilisation consistant en l'injection percutanée de ciment acrylique dans une lésion osseuse lytique. L'effet sur la douleur peut s'expliquer par la consolidation de l'os affaibli, fracturé ou préfracturé, mais aussi dans une moindre mesure par les effets toxiques, chimiques et thermiques du ciment. Les techniques d'ablation tumorale comprennent l'alcoolisation ou l'ablation thermique (par la chaleur avec radiofréquence et micro-ondes, ou froid par cryoablation).

L'ablation thermique percutanée des tumeurs osseuses est le plus souvent réalisée en tant que technique palliative entraînant une réduction significative et durable des symptômes. L'ablation par radiofréquence consiste à placer des aiguilles à travers lesquelles passe un courant électrique. L'ablation par micro-ondes agit en provoquant des vibrations à très haute fréquence des molécules d'eau. La cryoablation libère de l'argon à l'extrémité d'une aiguille, formant une « boule de glace » détruisant efficacement les cellules tumorales. Chacune de ces techniques peut être combinée à la radiothérapie, ou effectuée avant ou après l'irradiation. Enfin, l'embolisation tumorale peut avoir pour objectif de contrôler la douleur ou de préparer une intervention chirurgicale pour réduire le risque d'hémorragie peropératoire.

Introduction

Therapeutic advances in oncology have led to longer survival in many forms of cancer, including those complicated by bone metastases. Some cancers that used to have a very short survival have developed into chronic diseases, in which bone metastases can occur. Systemic treatments will help control the global disease. When there is a painful bone metastasis or when there is a risk of fracture, interventional radiology procedures can be carried out for analgesic purposes and/or to stabilize the lesion. Depending on the case, they may replace or be combined with radiation therapy and/or surgery. In rare cases, they may even be performed for curative purposes in oligometastatic patients with lesions smaller than 3 to 4 cm in order to control the disease.

These acts of interventional bone radiology can be classified into consolidation techniques (vertebroplasty, cementoplasty, percutaneous screw placement, etc.) and tumour destruction techniques using thermal (radiofrequency ablation, microwave ablation and cryoablation), chemical (alcohol) and embolization methods.

Stabilization techniques

Cementoplasty and vertebroplasty

Cementoplasty and vertebroplasty (i.e. cementoplasty of a vertebra) consist in the percutaneous injection of acrylic cement into a lytic bone lesion. The initial aim is analgesic by the effect of consolidation of a weakened piece of bone. These techniques derive from those initially developed in 1987 by Galibert and Deramond in Amiens on seven angiomatous vertebrae [START_REF] Galibert | Preliminary note on the treatment of vertebral angioma by percutaneous acrylic vertebroplasty[END_REF]. The indications then extended to metastatic vertebrae, myeloma lesions and osteoporotic fractures.

They consist in injecting a biocompatible cement into the bone, under x-ray and/or CT control.

The most commonly used cement is polymethylmethacrylate (PMMA). The liquid phase (monomer) and the PMMA powder are mixed once the needle is positioned in the bone lesion. As soon as the consistency of the cement slightly thickens, the cement can be carefully injected. After approximately 8 to 10 minutes, the cement hardens during the polymerization phase. This is accompanied by an exothermic reaction with temperature peaks of up to 75°C in the centre of the treated bone.

The analgesic effect is mainly attributed to the consolidation and stabilization of the pathological bone. Some authors believe that thermal elevation during polymerization may play an accessory analgesic role by destroying nociceptors. Once solidified, PMMA cement has perfect stability and excellent compressive strength. These characteristics explain why cementoplasty finds excellent indications in load-bearing bone areas subjected mainly to compressive forces such as vertebral bodies (if no vertebral instability) and the acetabulum. On the other hand, bone areas where shear forces predominate or long bones such as ribs are not suitable for simple cementoplasty.

Cementoplasty and vertebroplasty are performed according to the teams either in a digital interventional radiology room, in an angiography room equipped with cone beam CT or on an interventional CT with or without fluoroscopy. They can be performed under local or general anaesthesia depending on the clinical context, the general condition of the patient and the number of sites to be treated. Local anaesthesia is carried out from the skin to the bone cortex using a mixture of anaesthetic combining xylocaine for rapid action but short duration of action (about 2 hours) and ropivacaine for a delayed effect (after about 30 minutes) and much longer duration of action (about 6 hours). A small intraosseous anaesthesia by nerve block is associated with it after the needle has been inserted.

At the lumbar level, the needle is placed by transpedicular or lateropedicular route when the pedicle is very thin. At the thoracic level, the intercostotransverse route is preferred. A single needle is usually sufficient to fill the vertebral body. Sometimes a bipedicular approach is performed immediately, or at a later stage in the case of suboptimal filling with the first needle in place. The cervical spine is approached anterolaterally, between the large vessels of the neck and the tracheooesophageal axis but can also be approached posteriorly under CT guidance. Once the needle is in place in the bony part, a coaxial biopsy is performed if necessary.

Depending on the size of the lesion, 1 to several cm 3 of cement are slowly injected under fluoroscopic control or under CT scan control (iterative injection of small quantities of cement with immediate control by repeating a CT acquisition centred on the bone element to be treated). Lysis of the cortex and in particular of the posterior wall of the vertebral body is not a contraindication but requires particular caution when injecting the cement.

Apart from infections linked to the procedure, which are very rare, complications may arise during the positioning of the needle or during the injection of the cement. Cement leakage in the perivertebral veins, in the soft tissues or in the intervertebral discs is almost always asymptomatic.

Cement leakage in the spinal canal is most often well tolerated if it is of small volume (very rare spinal cord compression). Foraminal leakage may be responsible for neurological complications (radiculalgia), most of the time regressing spontaneously or after infiltration. Pulmonary embolism by cement is almost always asymptomatic if it is not massive.

The decision to perform the procedure is taken in a multidisciplinary board to evaluate the respective place of surgery, radiation therapy, medical treatments and their possible combination, taking into account the general condition of the patient, his life expectancy, the local or general extent of the disease and the number of spinal levels needing to be treated.

The analgesic effect of cementoplasty can be explained by the consolidation of weakened, fractured or prefractured bone, but also to a lesser extent by the toxic, chemical and thermal effect of the cement. The sedation of the pain generally appears immediately and makes it possible to stop major analgesics whereas radiation therapy may require one or two weeks to be effective.

We recommend combining cementing with thermal ablation, especially in oligometastatic lesions, in order to avoid possible tumour dissemination through the drainage veins (especially at the vertebral level) inherent to any cement injection. If analgesic radiation therapy is planned, it may be carried out before or after the cementoplasty according to the team's habits. On the other hand, if stereotactic radiation therapy for curative purposes is planned, it must be carried out before the cementoplasty so as not to disturb the calculation of the dose of radiation to be delivered.

The lesions for which vertebroplasty can be proposed are:

• asymptomatic osteolytic lesions at risk of fracture in an area where there are compressive forces (vertebra, pelvis, sternum, etc.) (2) (fig. 1); • painful osteolytic lesions with prefracture or fracture in an area where there are compressive forces (vertebra, pelvis, sternum, etc.) (fig. 2 and3); in the case of unstable lesions, surgery will be recommended instead.

A simple injection of cement is not possible in sclerotic metastases. Thermal ablation is a good alternative (see below).

Percutaneous fixation by internal cemented screw

Fixation by internal cemented screws is a technique that stabilizes a bone metastasis through the placement of a perforated metal screw combined with the injection of cement through the screw.

Treatment may be performed for pain palliation or prevention or in the context of an impending pathologic fracture. The addition of metal elements to the cementoplasty provides greater strength.

The procedure is minimally invasive and is performed under fluoroscopic or CT guidance.

Tumour destruction techniques

Intratumoral nerve blocks

Prior to ablation treatment, a percutaneous nerve block test injection of a mixture of anaesthetics (two thirds ropivacaine-one third xylocaine) may be performed. Several milliliters of this mixture are instilled in the tumour and the test block effect is sometimes prolonged by a palliative therapeutic effect of several days to a few weeks. This injection is both a diagnostic test on the origin of the pain and allows the patient to wait serenely for the heavier ablative treatment.

Alcoholization

Introduced into a tumour, alcohol causes desiccation and tissue destruction. Using pure alcohol, it was proposed for analgesic use in refractory extraspinal lesions before the advent of thermoablation techniques (3). It is a painful procedure requiring an analgesic intratumoral block to be performed prior to the instillation of alcohol.

Radiofrequency ablation, microwave ablation or cryoablation

Percutaneous thermal ablation (radiofrequency ablation, microwave ablation or cryoablation) of bone tumours is most often performed as a palliative measure. Numerous studies have shown that percutaneous ablation of painful bone metastases results in a significant and lasting reduction in symptoms [START_REF] Deib | Percutaneous microwave ablation ablation and cementoplasty: clinical utility in the treatment of painful extraspinal osseous metastatic disease and myeloma[END_REF]. It is therefore an alternative to radiation therapy and long-term morphine treatments.

It can be performed on bone metastases that has already been treated by radiation therapy but remain painful or as a first-line treatment in the case of painful bone metastasis resistant to analgesics before radiation therapy. Percutaneous ablation can also be performed for curative purposes in patients with a slowly progressing cancer with few bone lesions, provided the lesions are small (less than 4 cm)

(5,6) (fig. 4).

Whether palliative or curative, percutaneous ablation should be followed by an injection of cement when the treated metastasis has a lytic component and is located on a load-bearing bone. The purpose of this consolidating cementoplasty is to compensate for the additional fracture risk caused by bone destruction following the percutaneous ablation.

Radiofrequency ablation consists of placing under CT guidance, an electrode in the tumour to deliver a sinusoidal current of 400 to 500 kHz [START_REF] Alemann | Treatment of painful extraspinal bone metastases with percutaneous bipolar radiofrequency ablation under local anesthesia: feasibility and efficacy in twenty-eight cases[END_REF]. The regions through which the radiofrequency ablation current travels are subjected to ion agitation which induces tissue heating by friction between particles. The aim is to expose the tumour cells to a temperature above 60 °C (threshold for tissue necrosis). Its effectiveness is well established [START_REF] Dupuy | Percutaneous radiofrequency ablation ablation of painful osseous metastases: a multicenter American College of Radiology Imaging Network trial[END_REF]. The more recently introduced microwave ablation acts by causing very high frequency vibrations of water molecules. It is much more rapid in action (and therefore less painful) and allows treating larger lesions [START_REF] Kastler | Microwave ablation thermal ablation of spinal metastatic bone tumors[END_REF][START_REF] Kastler | Analgesic effects of microwave ablation ablation of bone and soft tissue tumors under local anesthesia[END_REF]. Unlike radiofrequency ablation, it is not sensitive to the conductive properties of the tissue and is not hindered by the vaporization phenomena inherent to any tissue heating. Similarly, cryoablation requires the placement under CT guidance of one or more needles within the tumour [START_REF] Mcmenomy | Percutaneous cryoablation of musculoskeletal oligometastatic disease for complete remission[END_REF]. Its principle is based on the Joule-Thompson effect: a rapid decompression of argon gas at the tip of the needle allows reaching a temperature of -180 °C in a few seconds. It has the advantage of generally seeing the size of the 'ice ball'-induced lesion.

In the treatment of bulky bone lesions refractory to pain medication, the goal of thermal ablation is analgesic, i.e. to improve the quality of life of the patients and not to destroy the entire tumour. It will target the edges between the tumour and bone structures in an attempt to destroy the nerve endings of the endosteum that are probably involved in the genesis of the pain.

When there are nerve structures, such as the spinal cord or motor nerves in close proximity, the interventional radiologist must be precautious because they are very sensitive to heat (above 45 °C or below -5 °C). Consequently, the procedure must be extremely controlled for spinal tumours. A tumour of the vertebral body could be treated by thermal ablation provided that the posterior vertebral wall is intact and that it is at a distance of over 1 cm from the spinal cord. Thermocouples can be used in these cases to protect fragile structures [START_REF] Kastler | Feasibility of real-time intraprocedural temperature control during bone metastasis thermal microwave ablation ablation: a bicentric retrospective study[END_REF]. For bone localisations close to neurological structures, cryoablation seems more suitable than radiofrequency ablation. Indeed, the zone of ice that develops around the tip of the needle is sometimes visible under CT scan during the procedure ('ice ball') and can therefore be monitored precisely.

Cold being less painful than heat, cryoablation is better tolerated under local anaesthesia than thermal ablation by radiofrequency or microwave ablation. On the other hand, after cryoablation a prolonged increase in pain can be observed in the postoperative period, up to one week, related to the inflammation in the periphery of the treated zone.

Contrary to simple cementoplasty, sclerotic bone lesions are accessible to thermal ablation.

Embolization

It can be used presurgically in the case of hypervascular bone metastases (e.g. kidney cancer metastases) to devascularize the tumour and reduce the risk of bleeding during the operation. It can be performed independently for both palliative and analgesic purposes (i.e. reduction of tumour volume decreasing the invasion into surrounding soft tissue and periosteal 'stretching').

A large retrospective study of 309 embolization procedures for painful bone metastases due to kidney, thyroid, breast and lung cancers in 243 patients showed a decrease in pain of more than 50% in 97% of patients and a decrease in the use of pain medication for an average duration of 8.1 months (12).

Conclusion

Percutaneous interventional radiology offers a range of minimally invasive analgesic and consolidation techniques that can be performed under local anaesthesia. In patients with bone metastases that are refractory to medical pain therapy, it allows rapid and significant pain control, thus 
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 12 Fig. 1. T6 vertebroplasty under exclusive CT guidance and local anesthesia in a very painful vertebral compression fracture in a 56-year-old man with multiple bone myeloma. a: sagittal reconstruction of the spinal CT scan showing a pathological vertebral compression fracture of T6 (arrow) secondary to extensive lysis of the vertebral body; b: axial section of the CT through T6 showing a large lytic lesion of the vertebral body of T6 (arrow); c: sagittal reconstruction of the post-vertebroplasty control CT; d: axial section of the post-vertebroplasty CT showing a good filling of the osteolytic lesion by the cement (arrow) without extravertebral leakage.
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 3 Fig. 3. Cementoplasty of a metastatic lytic lesion of a urothelial cancer reaching the posterior wall of the left acetabulum under exclusive CT guidance and local anaesthesia. a: axial section of the CT through the acetabulum showing the lytic lesion of the posterior wall (arrow), patient is in prone position; b: axial section of the CT showing the needle in place in the lesion; c: post-procedure control showing the filling of the lesion with cement (arrow).

Fig. 4 .

 4 Fig. 4. Microwave ablation therapy of a small sclerotic metastasis of L3 with curative aim in a 80 year-old man with lung cancer. a: axial section of the CT scan showing the small metastatic sclerotic lesion located in the vertebral body of L3 (arrow); b: axial section CT showing the microwave ablation probe in place in the osteocondensing lesion; c: sagittal T2 STIR-weighted image on the postprocedure control MRI. The lesion appears in low signal on T2 STIR. The high T2 STIR signal on the periphery of the tumour destruction zone is the expected appearance of a successful ablation; d: axial T1weighted with fat suppression and postcontrast injection image on the postprocedure control MRI. The lesion does not take up the contrast agent, whereas the periphery enhances after contrast injection (arrow) and along the tumour ablation trajectory (arrowhead).

cm), a curative effect can be expected depending on their location.