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Percutaneous image-guided renal ablations: current evidences for long term oncologic efficacy

The rise in incidentally discovered small renal neoplasms has focused attention on nephron-sparing treatment strategies including partial nephrectomy and percutaneous ablation as well as active surveillance. As all treatment modality, renal ablation has matured technically. Radiofrequency ablation, microwave ablation or cryoablation are now performed in many institutions under imaging guidance. The long-term results allow them to be now recommended as a therapeutic option whatever the patients' condition if complete ablation can reliably be achieved.

Introduction

The increasing annual incidence of renal cell carcinoma (RCC) over the past two decades is primarily due to incidental detection on radiologic imaging [START_REF] Jayson | Increased incidence of serendipitously discovered renal cell carcinoma[END_REF]. Nearly 50% of kidney cancers are now diagnosed incidentally and prior to symptoms or evident metastases in 70-80% of cases [START_REF] Bosniak | Small renal parenchymal neoplasms: further observations on growth[END_REF][START_REF] Homma | Increased incidental detection and reduced mortality in renal cancer--recent retrospective analysis at eight institutions[END_REF]. Patient registries indicate the greatest increase in small (< 4cm), localized renal cancers (T1a) [START_REF] Hollingsworth | Five-year survival after surgical treatment for kidney cancer: a population-based competing risk analysis[END_REF]. These changes in patient presentation have led to modifications in the management of RCC [START_REF] Krokidis | CIRSE Guidelines on Percutaneous Ablation of Small Renal Cell Carcinoma[END_REF]. Most of the small, incidentally discovered, well-marginated renal parenchymal neoplasms grow slowly and are not an immediate threat to patient's life. Active surveillance or less invasive nephron-sparing procedures, including laparoscopic or open partial nephrectomy and percutaneous image-guided ablations, have largely replaced radical nephrectomy for treatment of small renal masses [START_REF] Scosyrev | Renal Function After Nephron-sparing Surgery Versus Radical Nephrectomy: Results from EORTC Randomized Trial 30904[END_REF], especially in patients with comorbidities or poor medical status.

Percutaneous image-guided renal tumor ablations, like any new treatment option, required years of study to demonstrate feasibility and safety [START_REF] Mayo-Smith | Imaging-guided percutaneous radiofrequency ablation of solid renal masses: techniques and outcomes of 38 treatment sessions in 32 consecutive patients[END_REF]. As studies reporting technical success and safety for these minimally invasive techniques accumulated, clinical indications for renal ablation were proposed almost twenty years ago [START_REF] Kunkle | Cryoablation or radiofrequency ablation of the small renal mass : a meta-analysis[END_REF]. Initially, poor surgical candidates due to advanced age, comorbidities or renal insufficiency were thought to represent the optimal patients for ablation [START_REF] Kunkle | Cryoablation or radiofrequency ablation of the small renal mass : a meta-analysis[END_REF][START_REF] Mirza | Management of Small Renal Masses in the Older Adult[END_REF][START_REF] Vetterlein | Small renal masses in the elderly: Contemporary treatment approaches and comparative oncological outcomes of nonsurgical and surgical strategies[END_REF][START_REF] Ljungberg | EAU guidelines on renal cell carcinoma: 2014 update[END_REF]. Recently, the American Society of Clinical Oncology extended the recommendations of percutaneous thermal ablation as a therapeutic option whatever the patients' condition if complete ablation can reliably be achieved [START_REF] Finelli | Management of Small Renal Masses: American Society of Clinical Oncology Clinical Practice Guideline[END_REF]. The objective of this review is to assess the current evidence for longer-term oncologic efficacy after percutaneous ablation of renal neoplasms.

Patient selection

The rationale for treatment of small renal tumors is to achieve local tumor control, as cancer-specific mortality increases with higher-stage disease. Nephron sparing strategies are now p promoted to improve quality of life and life expectancy. According to most recent guidelines on the treatment of RCC (EAU, ESMO, ASCO), partial nephrectomy (PN) is strongly recommended for patients with T1a tumors [START_REF] Krokidis | CIRSE Guidelines on Percutaneous Ablation of Small Renal Cell Carcinoma[END_REF][START_REF] Finelli | Management of Small Renal Masses: American Society of Clinical Oncology Clinical Practice Guideline[END_REF][START_REF] Escudier | Renal cell carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF][START_REF] Katsanos | Systematic review and meta-analysis of thermal ablation versus surgical nephrectomy for small renal tumours[END_REF]. Beside PN, percutaneous ablation is now considered in ASCO guidelines as an option for patients that possess tumors such that complete ablation will be achieved [START_REF] Finelli | Management of Small Renal Masses: American Society of Clinical Oncology Clinical Practice Guideline[END_REF]. ESMO guidelines state that ablation may offer an option in patients with small cortical tumors and age >70 years, high surgical risk, solitary kidney, compromised renal function, hereditary RCC or multiple bilateral tumors [START_REF] Escudier | Renal cell carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF].

However, active surveillance is also a valid option for patients >75 years with significant comorbidities and limited life expectancy [START_REF] Bamias | Current Clinical Practice Guidelines for the Treatment of Renal Cell Carcinoma: A Systematic Review and Critical Evaluation[END_REF]. Indications for percutaneous ablation should therefore be considered in relation to each patient's renal mass characteristics; comorbidity and competing risk profiles; and alternate management strategies, including active surveillance or surgical resection. The benefits and risks of such ablation should be carefully weighed, medical comorbidities, renal mass location and size seem to be associated with complication rates after ablation. A working relationship between an interventional radiologist and urologic kidney surgeon would provide an optimal and safe approach for patients.

Biopsies

A biopsy should be obtained before or at the time of any ablation. Initially performed during the same session as the ablation with the advantage of saving time and being more comfortable for the patient, biopsies are now performed days before the ablation due to the significant proportion of biopsies that have been proved negative (40% for tumors <2cm) or shown a benign lesion (20%) [START_REF] Celtik | Active surveillance for incidental renal mass in the octogenarian[END_REF]. It was argued that hemorrhages or air bubbles occurring after biopsies can affect the subsequent targeting of the tumor. However, performing biopsies before ablation can put constraints on patients who may require readjustment to their anticoagulant or antiplatelet medication. In case of initial biopsy non contributive, a second biopsy, eventually performed during the ablation, has to be attempted and is highly effective with a success rate close to 100% [START_REF] Jeon | Percutaneous Kidney Biopsy for a Small Renal Mass: A Critical Appraisal of Results[END_REF].

Technologies

In recent years, a wide range of ablation modalities have been reported, but the more frequently used in a daily practice are currently radiofrequency ablation (RFA), cryoablation and microwave ablation (MWA).

Radiofrequency ablation (RFA)

The percutaneous application of heat-inducing radiofrequency energy to ablate renal masses was first described by Zlotta et al. in 1997 [18]. This technique is now widely used because relatively cheap, easy to use and to monitor, with low rate of complications (Figure 1). The RF electromagnetic wave (ranged between 9 kHz-87.5 MHz) is emitted by an applicator generating an alternating electric current. This current is converted into heat by ionic agitation and thus Joule effect. Different types of electrodes (straight or deployable) exist allowing a homogeneous distribution of heat within a volume. RF current can be applied in "monopolar" or "bipolar" mode. In monopolar mode, a single electrode (or a single electrode group) is used to deliver current into the tumor, while dispersion plates positioned on the lower limbs complete the electrical circuit. In bipolar mode, the current flows only between two electrodes close to or between the two poles of the same needle, which allows a targeted and more efficient heating in the zone located between the electrodes and a reduced dependence on the electrical conductivity of the tissues. Because of these physical properties, RFA is not recommended in case of implantable electronic devices like pacemakers for example because of the risks of desynchronization. This procedure, although easy to implement, is limited to tumors generally less than 4 cm in maximal diameter. Indeed, two main issues associated with this mechanism limit to effectively treat larger tumors. The vapor, desiccation and carbonization created during the RFA gradually increase the impedance of the tissues to the current. This increase in impedance limits the application of additional current and therefore temperatures stagnate at about 100 ° C. In addition, conduction of the heat is relatively slow in tissues because it is slowed by perfusion and convection ("the heat sink effect"), as well as ventilation. For these reasons, and even if it is possible to use several RF applicators to circumvent these limitations, MWA has been developed more recently.

Cryoablation

Renal cryoablation was firstly reported during a laparoscopic procedure in 1995 [START_REF] Kunkle | Cryoablation or radiofrequency ablation of the small renal mass : a meta-analysis[END_REF][START_REF] Uchida | Percutaneous cryosurgery for renal tumours[END_REF]. The development of smaller and improved ultrasound, CT or MR guidance has led to greater utilization of the percutaneous approach (Figure 2). Cryoablation uses the physical properties of high-pressure gases which, when decompressed at atmospheric pressure, causes temperature drop by Joule-Thomson effect. Indeed, the relation between temperature, pressure and volume of a gas is described by the gas laws: when the volume of the gas increases (the gas expands), often the temperature decrease. In this technique, no gas is released outside the device. The efficiency of this technique is linked to at least five mechanisms produced by the ice formation:

• direct cell death below -40 ° C by rapid formation of intracellular ice crystals, and direct damage to the cell membrane and organelles;

• slower formation of extracellular ice crystals leading to a change in osmolality in the extracellular space and, in turn, dehydration and cell death;

• thrombosis of the blood vessels, interrupting blood flow to the tissues, causing ischemia and cell death;

• the induction of apoptosis, the programmed cell death cascade due to disruption of cell function;

• activation of the immune system by the release of intact tumor antigens, highly immunogenic especially if intracellular.

The perfect visualization of the physical changes caused by freezing whether using CT, MRI or ultrasound seems to be a major advantage of cryoablation [START_REF] Aron | Renal tumor ablation[END_REF][START_REF] Onik | Ultrasound characteristics of renal cryosurgery[END_REF]. This could be useful for monitoring the treatment when the lesion to be treated is close to sensitive organs or structures. Moreover, as pain is mild and recovery rapid after the procedure, percutaneous cryoablation can be carried out under local or general anesthesia [START_REF] Callstrom | Painful metastases involving bone: percutaneous image-guided cryoablation--prospective trial interim analysis[END_REF]. It could be a major advantage for elderly patients or for patients suffering from severe comorbidities which compromised general anesthesia. Another advantage is that there is no denaturing of protein, as in hyperthermic treatment, in the architecture of supporting tissues, particularly urothelial tissue, which is therefore conserved. Cryoablation tend to spare the collecting system in a porcine model [START_REF] Strine | Inadvertent cryoablation of exophytic upper tract urothelial carcinoma without pelvicalyceal involvement[END_REF][START_REF] Janzen | The effects of intentional cryoablation and radio frequency ablation of renal tissue involving the collecting system in a porcine model[END_REF]. However, bleeding and hematuria were most common with cryoablation [START_REF] Atwell | Complications following 573 percutaneous renal radiofrequency and cryoablation procedures[END_REF].

Microwave ablation

Microwave ablation (MWA) is currently mainly used for the treatment of hepatocellular carcinoma [START_REF] Liang | Microwave ablation of hepatocellular carcinoma[END_REF], but few study proposed this technique for treatment of RCCs (Figure 3) [START_REF] Cornelis | Microwave ablation of renal tumors: A narrative review of technical considerations and clinical results[END_REF].

MWA affects directly the water molecules as they are continually realigning under the oscillating effect of the MW field, which effectively increases the kinetic energy and tissue temperature again by Joule effect. Unlike electric currents, MW radiate through all biological tissues, including those with high impedance, such as bones, lungs (filled with gas) and charred or desiccated tissues. This allows the MW to generate a higher heat> 100 ° C continuously. The volume of ablation will depend on the application time. Different generations of MWA systems now exist and each system is characterized by a different combination of antenna diameter (12-17G), number of antennas (1-3), frequency control (915 MHz or 2.45 GHz) and phase, power generated (from 40 to plus 100W) and loss of power between the generator and the tip of the applicator. MWA has several theoretical advantages over RF ablation in producing consistently higher intratumoral temperatures, larger ablation volumes, less ablation time, less dependence on the electrical conductivities of tissue, and energy delivery less limited by the exponentially rising electrical impedance of tumor tissue [START_REF] Cornelis | Microwave ablation of renal tumors: A narrative review of technical considerations and clinical results[END_REF][START_REF] Simon | Microwave ablation: principles and applications[END_REF][START_REF] Wright | Radiofrequency versus microwave ablation in a hepatic porcine model[END_REF][START_REF] Brace | Radiofrequency and microwave ablation of the liver, lung, kidney, and bone: what are the differences?[END_REF].

Patient clinical outcomes and expectable results

The majority of ablation studies are observational and retrospective in nature. Randomized control trials that compare thermal ablation with nephron-sparing surgery or active surveillance have not been performed.

Radiofrequency ablation

Renal RFA studies from 2003 have reported a wide primary efficacy range in the first year (67-100%) [START_REF] Mayo-Smith | Imaging-guided percutaneous radiofrequency ablation of solid renal masses: techniques and outcomes of 38 treatment sessions in 32 consecutive patients[END_REF][START_REF] Salas | Results of radiofrequency kidney tumor ablation: renal function preservation and oncologic efficacy[END_REF][START_REF] Gervais | Radiofrequency ablation of renal cell carcinoma: part 2, Lessons learned with ablation of 100 tumors[END_REF][START_REF] Mylona | Percutaneous radiofrequency ablation of renal cell carcinomas in patients with solitary kidney: 6 years experience[END_REF][START_REF] Zagoria | Oncologic efficacy of CT-guided percutaneous radiofrequency ablation of renal cell carcinomas[END_REF][START_REF] Rouviere | Radiofrequency ablation of renal tumors with an expandable multitined electrode: results, complications, and pilot evaluation of cooled pyeloperfusion for collecting system protection[END_REF][START_REF] Tracy | Durable oncologic outcomes after radiofrequency ablation: experience from treating 243 small renal masses over 7.5 years[END_REF]. Secondary efficacy of RFA reveals considerably higher rates of oncologic control (90-100%) [START_REF] Gervais | Radiofrequency ablation of renal cell carcinoma: part 2, Lessons learned with ablation of 100 tumors[END_REF][START_REF] Tracy | Durable oncologic outcomes after radiofrequency ablation: experience from treating 243 small renal masses over 7.5 years[END_REF][START_REF] Levinson | Long-term oncological and overall outcomes of percutaneous radio frequency ablation in high risk surgical patients with a solitary small renal mass[END_REF][START_REF] Veltri | Percutaneous RF thermal ablation of renal tumors: is US guidance really less favorable than other imaging guidance techniques?[END_REF][START_REF] Salagierski | Percutaneous ultrasound-guided radiofrequency ablation for kidney tumors in patients with surgical risk[END_REF]. Variability of primary efficacy after renal ablation, follow-up schedules and modalities can partially account for these ranges and can be also explained by the very variable follow-up times and tumor sizes treated. During the last 5 years, these results have been confirmed by long-term studies after RFA [START_REF] Balageas | Ten-year experience of percutaneous image-guided radiofrequency ablation of malignant renal tumours in high-risk patients[END_REF][START_REF] Abel | Percutaneous biopsy facilitates modern treatment of renal masses[END_REF][START_REF] Zagoria | Long-term outcomes after percutaneous radiofrequency ablation for renal cell carcinoma[END_REF][START_REF] Psutka | Long-term oncologic outcomes after radiofrequency ablation for T1 renal cell carcinoma[END_REF]. Recently, Zhang et al. evaluated outcomes for tumor stage of T1a 93 (76.2%) or T1b 29 (23.8%) and for a mean follow-up period of 64.9 months (±11.6) (range 9-83 months) [START_REF] Zhang | Prognostic Factors for Long-Term Survival in Patients with Renal-Cell Carcinoma After Radiofrequency Ablation[END_REF]. In total, 5-year cancer-specific survival, 5-year DFS, 5-year recurrence-free survival (RFS), 5-year metastasisfree survival, and 5-year overall survival (OS) of this cohort was 98.3%, 90.8%, 94.2%, 99.2%, and 98.4%, respectively. Other long-term results are also available but with several limitations such as lack of biopsy-proven tumors [START_REF] Levinson | Long-term oncological and overall outcomes of percutaneous radio frequency ablation in high risk surgical patients with a solitary small renal mass[END_REF][START_REF] Ferakis | Long-term results after computed-tomography-guided percutaneous radiofrequency ablation for small renal tumors[END_REF]; or mix of intra-operative and percutaneous image-guided RFA to assess long-term oncologic outcomes as it has been show that outcomes differ between these two approaches [START_REF] Tracy | Durable oncologic outcomes after radiofrequency ablation: experience from treating 243 small renal masses over 7.5 years[END_REF][START_REF] Hui | Comparison of percutaneous and surgical approaches to renal tumor ablation: metaanalysis of effectiveness and complication rates[END_REF][START_REF] Lorber | Long-term oncologic outcomes following radiofrequency ablation with real-time temperature monitoring for T1a renal cell cancer[END_REF].

In RFA, special attention must be observed during patient selection because size and sinus extension of the tumor to be treated can increase the risk of technical failure. Since 2003 it has been reported that RFA is substantially less effective for tumors larger than 4 cm, but is highly effective for tumor smaller than 3cm [START_REF] Gervais | Radiofrequency ablation of renal cell carcinoma: part 2, Lessons learned with ablation of 100 tumors[END_REF][START_REF] Balageas | Ten-year experience of percutaneous image-guided radiofrequency ablation of malignant renal tumours in high-risk patients[END_REF][START_REF] Psutka | Long-term oncologic outcomes after radiofrequency ablation for T1 renal cell carcinoma[END_REF][START_REF] Zhang | Prognostic Factors for Long-Term Survival in Patients with Renal-Cell Carcinoma After Radiofrequency Ablation[END_REF]. For tumors larger than 3.6cm, Zagoria described a risk of recurrence increased by a factor of 2.19 for each additional centimeter [START_REF] Zagoria | Oncologic efficacy of CT-guided percutaneous radiofrequency ablation of renal cell carcinomas[END_REF]. The recurrence-free survival rate was not however influenced by sex, the side or cranio-caudal topography of the tumor. While Zagoria found no significant difference whether the site of the lesion was exophytic, parenchymal, central or mixed, Gervais et al.

showed that only the non-central site of lesions is described as an independent factor of secondary efficacy [START_REF] Gervais | Radiofrequency ablation of renal cell carcinoma: part 2, Lessons learned with ablation of 100 tumors[END_REF]. However, Gervais emphasized that the choice of a size limit for treatment is not unequivocal [START_REF] Gervais | Radiofrequency ablation of renal cell carcinoma: part 2, Lessons learned with ablation of 100 tumors[END_REF]. This group reported a cut-off at 4 cm produced treatment that was 90% complete, while excluding 15% of patients who could have benefited from effective treatment. A cut-off at 5.8 cm would mean 99% of patients could be treated completely, but with a short-term success rate of 63% [START_REF] Gervais | Radiofrequency ablation of renal cell carcinoma: part 2, Lessons learned with ablation of 100 tumors[END_REF]. The reduced efficacy of RFA in large tumors reflects that RFA is susceptible to the cooling effect of flowing blood. Nakasone et al. compared the effects of RFA alone and of RFA combined with occlusion of the arterial blood supply on the coagulation diameter and histological changes in a porcine kidney model. The maximal coagulation diameter was significantly larger with occlusion.

Histological analysis showed preservation of the normal renal parenchymal structure outside the thermal lesion. This study demonstrated that a technique combining RFA and partial occlusion of blood flow may be useful to treat large renal tumors [START_REF] Nakasone | Radiofrequency ablation in a porcine kidney model: effect of occlusion of the arterial blood supply on ablation temperature, coagulation diameter, and histology[END_REF]. Furthermore, Yamakado et al studied feasibility, safety, and therapeutic effects of the combination of embolization and RFA of renal tumors measuring 3.5 cm or larger, mostly with extension into the renal sinus fat. The tumors were embolized selectively before RFA. All tumors remained controlled during a mean follow-up period of 13 months [START_REF] Yamakado | Radiofrequency ablation combined with renal arterial embolization for the treatment of unresectable renal cell carcinoma larger than 3.5 cm: initial experience[END_REF]. However, close and long-term follow-up of patients presenting these risk factors of recurrence (large tumors or sinus extension) may be recommended according with these results. Moreover, other ablation technique, such as cryoablation or MWA, must be considered when RFA procedures cannot be adapted to obtain complete and safe tumor eradication.

Until now, only few studies have compared RFA with partial (PN) or radical nephrectomy (RN). Stern et al doesn't found significant difference in recurrence-free survival at 3 years for T1a tumors treated by these 2 options (37 PN vs 40 RFA) with respective levels of 95.8% and 93.4% [START_REF] Stern | Intermediate comparison of partial nephrectomy and radiofrequency ablation for clinical T1a renal tumours[END_REF]. However, this study included 5 benign masses. Takaki et al [START_REF] Takaki | Radiofrequency ablation versus radical nephrectomy: clinical outcomes for stage T1b renal cell carcinoma[END_REF] reported that overall survival rate was significantly lower in the RF ablation group (n=21) than in the radical nephrectomy group (n=39) (48% vs 97% at 10 years,; P < .009). The RCC-related survival rate (94% with RFA vs 100% with radical nephrectomy at 10 years) and the diseasefree survival rate (88% with RFA vs 84% with radical nephrectomy at 10 years, P = .99) were comparable between the two groups. In a recent meta-analysis, twelve retrospective studies that compared RFA with partial nephrectomy were reviewed [START_REF] Yin | Radiofrequency Ablation Versus Partial Nephrectomy in Treating Small Renal Tumors[END_REF]. Compared with partial nephrectomy, RFA achieves an equal oncological outcome with similar local recurrence rate (4.14% vs 4.10%, RR: 1.18, 95% CI: 0.68, 2.07, P = 0.550) and distant metastases rate (2.76% vs 1.89%, RR: 1.31, 95% CI: 0.70, 2.46, P = 0.686). Additionally, RFA was associated with lower decline of eGFR (-3.90, 95% CI: -6.660, -1.140, P = 0.006), and shorter length of stay (-2.02 days, 95% CI: -2.77, -1.27, P < 0.001). A similar perioperative complication rate was observed either for the overall perioperative complication rate (7.5% vs 6.2%, RR:1.10, 95% CI: 0.64, 1.87, P = 0.740) and the major complication rate (3.7% vs 4.4%, RR: 0.83, 95% CI: 0.43, 1.60, P = 0.579).

Cryoablation

In the largest study to date, Rodriguez et al [START_REF] Rodriguez | Prospective analysis of the safety and efficacy of percutaneous cryoablation for pT1NxMx biopsy-proven renal cell carcinoma[END_REF] reported the outcome of percutaneous cryoablation on 117 pT1a or pT1b biopsy-proven renal cell carcinoma (RCC) in 113 consecutive patients. In this study, technical success was 100% with 7% rate of clinically significant complications and 0% mortality. Seventy percent of patients were discharged on the same day. Efficacy was 98.7% for a median follow-up of 67 weeks (range 7-172). For the subgroup of patients that reached a median follow-up of 2 (n = 59) and 3 years (n = 13), efficacy was 98.3 and 92.3%, respectively and cancer specific survival was 100%. Renal function was not adversely affected.

Compared to RFA, the meta-analysis of Kunkle et al showed that primary efficacy of cryotherapy was better than RFA, with a reoperation rate of 8.5% for RF versus 1.3% for cryotherapy (P < 0.0001). However, this study compiling laparascopic and percutaneous approaches, which could introduce a technical bias. The local tumor progression rate was significantly higher for RFA than for cryoablation (12.9% vs 5.2%, P < 0.0001). Moreover, the frequency of metastases was reported to be lower for cryoablation (1.0%) than for RF (2.5%, P = 0.06) during monitoring. More recently, Atwell et al [START_REF] Atwell | Percutaneous ablation of renal masses measuring 3.0 cm and smaller: comparative local control and complications after radiofrequency ablation and cryoablation[END_REF] have compared the efficacy and complication rates of percutaneous radiofrequency ablation (RFA) and cryoablation in the treatment of 445 renal masses measuring 3.0 cm and smaller. Two hundred fifty-six tumors in 222 patients were treated with RFA (mean tumor size, 1.9 ± 0.5 cm), and 189 tumors in 163 patients were treated with cryoablation (mean tumor size, 2.3 ± 0.5 cm). For biopsyproven RCC, estimated local recurrence-free survival rates at 1, 3, and 5 years after RFA were 100%, 98.1%, and 98.1%, respectively, compared with 97.3%, 90.6%, and 90.6%, respectively, after cryoablation (p = 0.09). There were five (1.1%) technical failures, including one (0.4%) among tumors treated with RFA and four (2.1%) among tumors treated with cryoablation (p = 0.17) but major complications occurred after 4.3% (10/232) of RFAs and 4.5% (8/176) of cryoablation procedures (p = 0.91). Subsequently, authors concluded to similar results in case of ablation of tumors <3cm.

Recently, Caputo et al. compared the outcomes of 31 patients treated by cryoablation (percutaneously and laparoscopically) and 161 partial nephrectomy [START_REF] Caputo | Cryoablation versus Partial Nephrectomy for Clinical T1b Renal Tumors: A Matched Group Comparative Analysis[END_REF]. Tumors were matched for several characteristics including tumor size (4.6 vs 4.3cm; p=0.076). The rate of local recurrence was significantly higher for CA than for PN (p=0.019) but there was no significant difference in cancer-specific mortality (p=0.5) or overall mortality (p=0. [START_REF] Bamias | Current Clinical Practice Guidelines for the Treatment of Renal Cell Carcinoma: A Systematic Review and Critical Evaluation[END_REF] between the CA and PN groups. The total postoperative complication rate was higher for PN than for CA (42% vs 23%; p=0.10). There was no significant difference in percentage eGFR preservation between PN and CA (89% vs 93%; p=0.5). Thompson et al reviewed 1057 PN, 180 RFA, and 187 cryoablation of T1a tumors [START_REF] Thompson | Comparison of partial nephrectomy and percutaneous ablation for cT1 renal masses[END_REF]. In this cohort, local recurrence-free survival was similar among the three treatments (p=0.49), whereas metastases-free survival was significantly better after PN (p=0.005) and cryoablation (p=0.021) when compared with RFA. In addition, 326 patients underwent PN, and 53 patients were managed with cryoablation for T1b tumor. In this cohort, local recurrence-free survival (p=0.81) and metastases-free survival (p=0.45) were similar between PN and cryoablation.

Microwave ablation

In the study of Clark et al. [START_REF] Clark | Microwave ablation of renal parenchymal tumors before nephrectomy: phase I study[END_REF] who gave 10 patients microwave treatment before nephrectomy, histological analysis showed uniform cell death in the ablation zone. Liang et al. [START_REF] Liang | Percutaneous cooled-tip microwave ablation under ultrasound guidance for primary liver cancer: a multicentre analysis of 1363 treatment-naive lesions in 1007 patients in China[END_REF] reported the results of a feasibility study in which 12 patients were treated without remnant or recurrence at a mean follow-up of 11 months. Carrafiello et al. [START_REF] Carrafiello | Singleantenna microwave ablation under contrast-enhanced ultrasound guidance for treatment of small renal cell carcinoma: preliminary experience[END_REF] also performed 12 successful procedures, with a mean follow-up of 6 months [START_REF] Homma | Increased incidental detection and reduced mortality in renal cancer--recent retrospective analysis at eight institutions[END_REF][START_REF] Hollingsworth | Five-year survival after surgical treatment for kidney cancer: a population-based competing risk analysis[END_REF][START_REF] Krokidis | CIRSE Guidelines on Percutaneous Ablation of Small Renal Cell Carcinoma[END_REF][START_REF] Scosyrev | Renal Function After Nephron-sparing Surgery Versus Radical Nephrectomy: Results from EORTC Randomized Trial 30904[END_REF][START_REF] Mayo-Smith | Imaging-guided percutaneous radiofrequency ablation of solid renal masses: techniques and outcomes of 38 treatment sessions in 32 consecutive patients[END_REF][START_REF] Kunkle | Cryoablation or radiofrequency ablation of the small renal mass : a meta-analysis[END_REF][START_REF] Mirza | Management of Small Renal Masses in the Older Adult[END_REF][START_REF] Vetterlein | Small renal masses in the elderly: Contemporary treatment approaches and comparative oncological outcomes of nonsurgical and surgical strategies[END_REF][START_REF] Ljungberg | EAU guidelines on renal cell carcinoma: 2014 update[END_REF][START_REF] Finelli | Management of Small Renal Masses: American Society of Clinical Oncology Clinical Practice Guideline[END_REF][START_REF] Escudier | Renal cell carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF][START_REF] Katsanos | Systematic review and meta-analysis of thermal ablation versus surgical nephrectomy for small renal tumours[END_REF]. Yu et al. [START_REF] Yu | US-guided percutaneous microwave ablation of renal cell carcinoma: intermediate-term results[END_REF] treated 46 patients with 49 RCC nodules (diameter, 0.6-7.7 cm; mean, 3.0 cm) without major complications. In this study, technical effectiveness was achieved in 48 of 49 (98.0%) tumors, and the metastasis-free rate was 100% (46 of 46). The 1-, 2-, and 3-year local tumor progression rates were 4.6%, 7.7%, and 7.7%, respectively. The cancer-specific survival rate was 100% (46 of 46), and 1-, 2-, and 3-year overall survival rates were 100%, 100%, and 97.8%, respectively. The 1-, 2-, and 3-year disease-free survival rates were 95.4%, 92.3%, and 92.3%, respectively. Moreover, as reported for RFA, multivariate analysis showed that tumor number (P = .046), tumor growth patterns (P = .003), and ablation time (P = .04) were independent unfavorable prognostic factors. Recently, Klapperich et al [START_REF] Klapperich | Effect of Tumor Complexity and Technique on Efficacy and Complications after Percutaneous Microwave Ablation of Stage T1a Renal Cell Carcinoma: A Single-Center, Retrospective Study[END_REF] evaluated the midterm oncologic efficacy for 100 T1a tumors (median diameter, 2.6 cm ± 0.8) treated with percutaneous MWA over a median imaging follow-up of 15 months (range, 0-44 months).

Technical success was achieved for all 100 tumors (100%) whatever the complexity. No change in estimated glomerular filtration rate was noted after the procedure (P = .49). There were three (3%) procedure-related complications and six (6%) delayed complications, all urinomas. One case of local tumor progression (1%) was identified 25 months after the procedure. Three-year local progression-free survival, cancer-specific survival, and overall survival were 88%, 100%, and 91%, respectively.

Recently, the meta-analysis of Choi et al showed favorable technical and oncologic outcomes after MWA with low incidence of major complications [START_REF] Choi | Efficacy and Safety of Microwave Ablation for Malignant Renal Tumors: An Updated Systematic Review and Meta-Analysis of the Literature Since 2012[END_REF]. A total of 567 patients carrying 616 malignant renal tumors were included in the meta-analysis. The local tumor recurrence rate was 2.1%. At 1-, 2-, 3-, and 5-year follow-up time points, the cancer-specific survival rate were 99.1%, 98.4%, 97.6%, and 96.9% respectively, while the overall survival rate were 98.3%, 94.9%, 86.8%, and 81.9%. In terms of major complications, a 1.8% incidence was found. Gao et al [START_REF] Gao | Microwave treatment of renal cell carcinoma adjacent to renal sinus[END_REF] studied MWA performed adjacent to renal sinus but the Initial ablation success significantly differed between patients with RCCs ≤4cm (100%, 29/29) and RCCs >4cm (75%, 9/12, p=0.021). During the median follow-up of 37.6 (range, 3.0-97.3) months, the estimated 1-, 3-, and 5-year disease-free survival of patients with an initial tumor of ≤4cm were 100%, 89.7%, and 81.5%, respectively. The 1-, 3-, and 5-year RCCrelated survival were 100%, 93.3%, and 93.3%, respectively. The 1-, 3-, and 5-year overall survival were 97.1%, 87.8%, and 83.6%, respectively. There were no MWA-related deaths.

Tolerance and complications

Perioperative outcomes favor thermal ablation relative to surgical options. It has been proved that one of the main advantages of RFA compared to nephrectomy is the absence of any detectable renal function impairment after treatment even in solitary kidneys.

Compared to extirpative treatment options, RFA provide lowest rate of renal impairment [START_REF] Salas | Results of radiofrequency kidney tumor ablation: renal function preservation and oncologic efficacy[END_REF][START_REF] Pettus | Percutaneous radiofrequency ablation does not affect glomerular filtration rate[END_REF][START_REF] Cornelis | De novo renal tumors arising in kidney transplants: midterm outcome after percutaneous thermal ablation[END_REF]. Complications rate varies between 4 and 37% [START_REF] Atwell | Complications following 573 percutaneous renal radiofrequency and cryoablation procedures[END_REF] but for major complications, it is ranging from 0 to 8% [START_REF] Gervais | Radiofrequency ablation of renal cell carcinoma: part 2, Lessons learned with ablation of 100 tumors[END_REF][START_REF] Takaki | Radiofrequency ablation versus radical nephrectomy: clinical outcomes for stage T1b renal cell carcinoma[END_REF][START_REF] Hiraoka | Radiofrequency ablation for renal tumors: our experience[END_REF]. It is close to the results observed with open partial nephrectomy, which was 6.3% (4.5-8.7%) [START_REF] Hui | Comparison of percutaneous and surgical approaches to renal tumor ablation: metaanalysis of effectiveness and complication rates[END_REF]. Complications are mainly urinary fistulas (4.1%) and other urothelial lesions but also nerve injuries [START_REF] Gonzalez-Aguirre | Managing Complications Following Nephron-Sparing Procedures for Renal Masses[END_REF]. An increased risk in the case of central locations seems to be observed [START_REF] Balageas | Ten-year experience of percutaneous image-guided radiofrequency ablation of malignant renal tumours in high-risk patients[END_REF]. Some strategies have been developed to avoid this kind of complications. The risk of nerve injury may be minimized by mechanically separating the targeted tumor from vulnerable nerves using instillation of fluid or carbon dioxide. The risk of nerve injury may also be minimized by visualizing the ablation zone intraprocedurally, or monitoring the functional status of a motor or sensory pathway.

Retrograde renal cooling may help to protect the renal collecting system from injury during RFA without a decrease in expected lesion size.

Bleeding during cryoablation was associated with advanced age, increased tumor size, increased number of cryoprobes, and central position (P < .05). In the study of Atwell et al., major complication rates did not differ statistically (P = .15) between cryoablation (7.7%) and RF ablation (4.7%). Schmit et al. stratified [START_REF] Schmit | Predicting renal cryoablation complications: new risk score based on tumor size and location and patient history[END_REF] tumor and patient-related risk factors for major complications following renal cryoablation by developing the (MC)2 risk score for predicting these adverse events. After reviewing 398 renal ablation procedures, only maximal tumor diameter (P = .0006) and central tumor location (P = .02) were significantly associated with major complications. Among patient-related factors evaluated, prior myocardial infarction (MI) (P = .002) and complicated diabetes mellitus (P = .01) were significantly associated with major complications. Prophylactic superselective intra arterial tumor embolization before cryoablation for high risk patients with large tumors could be useful to decrease secondary bleeding and hematoma as well as limiting blood flow effect [START_REF] Moynagh | Percutaneous Cryoablation of Clinical T2 (> 7 cm) Renal Masses: Technical Considerations, Complications, and Short-Term Outcomes[END_REF].

Anaesthesia and perprocedural pain control

In most cases, percutaneous RF or MW ablation and cryoablation of renal lesions can be performed without general anesthesia and in an outpatient setting [START_REF] Su | Percutaneous computed tomography-guided radiofrequency ablation of renal masses in high surgical risk patients: preliminary results[END_REF]. For instance, paravertebral block associated with anesthesia of the kidney capsule may be an alternative to general anesthetic or conscious sedation in clinical practice [START_REF] Dubut | CT-guided paravertebral block for microwave ablation of kidney tumors: a new technique[END_REF]. But this consideration depends of several factors such as history or morphology of the patient. For technical reasons such as mobility of kidneys, general anesthesia is largely proposed in order to obtain apnea for patients and subsequently immobility of targeted lesions. Recently, some authors have proposed the high-frequency jet ventilation in tumor ablations techniques and showed promising preliminary results [START_REF] Denys | Use of High-Frequency Jet Ventilation for Percutaneous Tumor Ablation[END_REF]. This wide variability of practice renders the population quite heterogeneous and a selection bias can occur.

Few studies have compared the pain control requirements of patients undergoing percutaneous RFA with those of patients undergoing percutaneous cryoablation of small renal tumors. Allaf et al [START_REF] Allaf | Pain control requirements for percutaneous ablation of renal tumors: cryoablation versus radiofrequency ablation--initial observations[END_REF] compared outcome after conscious sedation of 10 men (mean age, 66.5 years) underwent cryoablation of 11 renal lesions, and 14 patients (11 men, four women; mean age, 68.1 years) underwent RFA of 15 renal tumors. Authors concluded that image-guided percutaneous cryoablation of small renal lesions appeared to require less analgesia than RFA. These results were confirmed by Truesdale et al in a study involving 71 patients who undergone RFA and 65 patients cryoablation [START_REF] Truesdale | Percutaneous computed tomography-guided renal mass radiofrequency ablation versus cryoablation: doses of sedation medication used[END_REF]. Prospective trials with validated pain scales are needed to examine this further for all ablative techniques.

Follow-up

As any other local therapy, patients may be seen regularly after treatment. The purpose of the first visit at 1-2 month is to detect complications. A follow-up contrast CT scan or MRI is thus performed. To detect recurrences, follow-up contrast CT scans or MRI are performed at 6, 12, 18 month and every year thereafter.

To assess the diagnosis of local recurrence, which corresponds to new nodular enhancement on cross-sectional imaging, examination with contrast injection must be performed. One reason is because some pitfall such as increased attenuation in low-density tissues such as perinephric fat can mask a lesion. Enhancement is considered significant when greater than 15HU on CT and 16% on MRI on the follow-up examinations [START_REF] Davenport | MRI and CT characteristics of successfully ablated renal masses: Imaging surveillance after radiofrequency ablation[END_REF]. For cryoablation a hypointense ring surrounding the ablative zone in T2 weighted sequence could be observed and seems to be useful for assess the recurrence.

Level of evidence and limitations

Extensive evidence is now available in the literature on the technical outcomes, the safety and the effectiveness of the use of percutaneous ablations for the treatment of T1a RCCs, with very good outcomes with respect to all three aspects. Based on long term studies, level of evidence is up to 2a thanks to systematic reviews (with homogeneity) of retrospective cohort studies.

It remains however challenging to compare outcomes between PN and these minimally invasive options as ablations are currently performed in an older population with many comorbid conditions compared to PN. Moreover, in many series, inconsistent reporting of definitive biopsy-proven RCC pathologic diagnosis avoid comparative analysis as well as the mix of percutaneous, laparoscopic, or open surgical ablative approaches. A direct randomized comparison of percutaneous ablation with PN in a large number of patients would be helpful to elucidate the role of both treatments. It would help to support a strong recommendation. However, such study looks highly challenging to perform as it would require multi-center registry with a large number of patients (>1000 at least) with biopsyproven sporadic T1a RCC followed up for a minimum of five years.

CONCLUSION:

In summary, percutaneous renal ablations are safe and effective in treating primary renal cell carcinomas. These mini-invasive therapeutic options contribute to the conservation of renal function and subsequently to the improvement of quality of life and life expectancy of patients even in cases of poor surgical candidates. However, as traditionally the dominant parameter for comparison of disease management strategies has been patient survival, longer-term survival data comparing available all treatment modalities may be needed though larger multi-institutional studies.

Figures

Figure 1: CT-guided renal radiofrequency ablation (RFA) of a 28mm right clear cell renal cell carcinoma in a 67 year-old man (RENAL score: 9a). A-Axial contrast enhanced CT-scan showed the T1a right renal tumor located anteriorly (arrowheads). B-A 35mm expendable radiofrequency antenna was inserted and deployed within the tumor (white arrow). C-A carbodissection of the perirenal space and renal sinus was performed by inserting a 22gauges needle (black arrow) and injecting CO2. This dissection was monitored during all the treatment to ensure sufficient organ displacement and avoid thermal injuries of the small bowel and the duodenum. D-The final control after RFA showed a tubulo-interstial edema (dashed arrow) surrounding the heterogeneous ablation zone. A-Axial contrast enhanced CT-scan showed the left T1a renal tumor (arrowheads). B-A microwave antenna was inserted in the tumor (white arrow) and a carbodissection of the perirenal space was performed. C-Gas formation within the tumor and slight shrinkage of the tumor were observed during treatment (black arrow). D-The final control after MWA showed dense charred tissue (dashed arrow) in the ablation zone.

Figure 2 :

 2 Figure 2: CT-guided renal cryoablation of a 35mm right clear cell renal cell carcinoma in a 72 year-old man (RENAL score: 9a). A-Axial contrast enhanced CT-scan showed the T1a right renal tumor (arrow). B-Two cryoprobes were inserted within the tumor. C-A carbodissection was performed by injecting CO2 trough a 22G needle to ensure protection of abdominal wall and liver capsule (dashed arrow). D-The iceball covered the whole tumor at the end of the second freeze (arrowheads).

Figure 3 :

 3 Figure 3: CT guided renal microwave ablation of a 28mm left clear cell renal cell carcinoma in a 69 year-old man (RENAL score: 9x).A-Axial contrast enhanced CT-scan showed the left T1a renal tumor (arrowheads). B-A microwave antenna was inserted in the tumor (white arrow) and a carbodissection of the perirenal space was performed. C-Gas formation within the tumor and slight shrinkage of the tumor were observed during treatment (black arrow). D-The final control after MWA showed dense charred tissue (dashed arrow) in the ablation zone.
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