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A Jacques et Christine, Jacquot et Kiki. Merci pour les valeurs que vous m'avez enseignées, ou en tout cas que vous avez essayé de m'enseigner. J'espère montrer la même rigueur au travail que lorsque vous me faisiez faire les devoirs dans l'enfance (promis Jacques, pendant cette soutenance, je lirai le titre !). Jacquot, tu as toujours su me replacer dans le droit chemin quand je m'égarais, parfois (souvent ? ^^) maladroitement. Peut-être aurai-je ma deuxième grande accolade de père à fils après cette soutenance ! Kiki, ta bienveillance et ta force Résultats : Les caractéristiques démographiques étaient comparables dans les deux groupes. Le diamètre tumoral moyen était plus petit dans le groupe RF (13,1 ± 5,1 mm; 4-27 mm) que dans le groupe MO (17,1 ± 8,3 mm; 5-36 mm) (P <0,001). Les volumes d'ablation à un mois étaient de 24,1 ± 21,7 cm 3 (2-97,8 cm 3 ) dans le groupe RF et de 30,2 ± 35,9 cm 3 (1,9-243,8 cm 3 ) dans le groupe MO (P = 0,195). La durée de suivi moyenne était de 488 ± 407 jours (30-1508 jours). 9/160 tumeurs (5,6%) ont présenté une récidive locale : six (6/79; 7,6%) dans le groupe RF et trois (3/81; 3,7%) dans le groupe MO (P = 0,32). Les pneumothorax étaient plus fréquents dans le groupe RF (32/79; 40,5%) que dans le groupe MO (20/81; 24,7%) (P = 0,049). La durée moyenne de séjour était de 

Introduction

Lung cancer is the most common malignancy in the world [START_REF] Ferlay | Cancer incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012[END_REF]. It is also the leading cause of cancer-related mortality in both men and women: there are approximately 1.6 million deaths each year [START_REF] Ferlay | Cancer incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012[END_REF]. However, about 20% of patients with Stage I non-small cell lung cancer (NSCLC) are not candidate to surgery due to comorbidities [START_REF] Kaifi | Indications and approach to surgical resection of lung metastases[END_REF][START_REF] Matsuoka | Risk factor for respiratory death after lung cancer surgery in octogenarians[END_REF][START_REF] Khullar | Survival after sublobar resection versus lobectomy for clinical stage IA lung cancer: an analysis from the National Cancer Data Base[END_REF]. Moreover, the lungs are the second most frequent site for secondary extra-thoracic malignant tumors, often markers of poor prognosis [START_REF] Mohammed | ACR Appropriateness Criteria® screening for pulmonary metastases[END_REF]. Many studies have shown the potential efficacy of metastasectomy in selected patients [START_REF] Treasure | Pulmonary metastasectomy: what is the practice and where is the evidence for effectiveness?[END_REF][START_REF] Cheung | The past, present and future of pulmonary metastasectomy: a review article[END_REF][START_REF] Kondo | Surgical treatment for metastatic malignancies. Pulmonary metastasis: indications and outcomes[END_REF].

Several studies have shown the benefits of less invasive techniques than surgery, such as stereotactic body radiation therapy [START_REF] Prezzano | Stereotactic body radiation therapy for non-small cell lung cancer: a review[END_REF] and percutaneous thermal ablation.

Radiation therapy is an effective option for patients who are unable to tolerate lung surgery because of impaired cardiorespiratory function, but it has some limitations such as the occurrence of radiation pneumonitis [START_REF] Woody | Stereotactic body radiation therapy for non-small cell lung cancer tumors greater than 5 cm: safety and efficacy[END_REF][START_REF] Antoni | Lung cancer: stereotactic body radiation therapy and surgery[END_REF][START_REF] Chen | Radiation pneumonitis after stereotactic body radiation therapy for early stage non-small cell lung cancer[END_REF].

Several studies have proven the efficacy of percutaneous thermal ablation as a second line of treatment for Stage I NSCLC and lung metastases [START_REF] De Baère | Radiofrequency ablation is a valid treatment option for lung metastases: experience in 566 patients with 1037 metastases[END_REF][START_REF] Petrella | Comparison of pulmonary metastasectomy and stereotactic body radiation therapy for the treatment of lung metastases[END_REF]. Moreover, thermal ablation can be repeated during follow-up in the event of recurrence, which is less the case with surgery and stereotactic radiotherapy [START_REF] Milano | Review of thoracic reirradiation with stereotactic body radiation therapy: a focus on toxicity risks[END_REF]. RFA is the oldest and most frequently used technique: it was first used for the treatment of pulmonary lesions since 2000 [START_REF] Dupuy | Percutaneous radiofrequency ablation of malignancies in the lung[END_REF]. RFA consists in applying a sinusoidal current (420 to 500 kHz) to the tumor with straight or deployable electrodes, in order to obtain cell necrosis via temperatures above 70°C [START_REF] Liu | Expert consensus on image-guided radiofrequency ablation of pulmonary tumors: 2018 edition[END_REF][START_REF] De Baere | Radiofrequency ablation of liver and lung tumors[END_REF]. Since air has low electrical conductivity and high heat insulation, it induces the protection of the adjacent lung parenchyma but decreases the possibility of healthy resection margins [START_REF] Brace | Radiofrequency and microwave ablation of the liver, lung, kidney and bone: what are the differences[END_REF][START_REF] Alexander | Lung cancer ablation: technologies and techniques[END_REF]. Moreover, the proximity of > 3 mm vessels causes a sudden reduction in temperature, also known as the ''heat sink effect'' [START_REF] Goldberg | Radiofrequency tumor ablation: principles and techniques[END_REF]. These two parameters lead to an increase in the theoretical risk of non-healthy margins [START_REF] Vroomen | Irreversible electroporation and thermal ablation of tumors in the liver, lung, kidney and bone: What are the differences?[END_REF][START_REF] Gillams | Radiofrequency ablation of lung metastases: factors influencing success[END_REF].

On the opposite, MWA uses an ellipsoidal microwave field around the needle, between 915 and 2450 MHz [START_REF] Brace | Microwave ablation technology: what every user should know[END_REF][START_REF] Brace | Microwave tissue ablation: biophysics, technology, and applications[END_REF]. The oscillation of the electromagnetic field causes a rapid flip movement of water molecules, causing the tissues to be warmed [START_REF] Brace | Microwave ablation technology: what every user should know[END_REF][START_REF] Brace | Microwave tissue ablation: biophysics, technology, and applications[END_REF].

MWA is not subject to low lung electrical conductivity, enabling larger ablation zones [START_REF] Brace | Radiofrequency and microwave ablation of the liver, lung, kidney and bone: what are the differences[END_REF][START_REF] Planché | In vivo evaluation of lung microwave ablation in a porcine tumor mimic model[END_REF] Moreover, this technique is less affected by the heat sink effect as it coagulates the small surrounding vessels, which do not stop the heat conductivity of the tissue [START_REF] Brace | Radiofrequency and microwave ablation of the liver, lung, kidney and bone: what are the differences[END_REF][START_REF] Brace | Microwave tissue ablation: biophysics, technology, and applications[END_REF][START_REF] Planché | In vivo evaluation of lung microwave ablation in a porcine tumor mimic model[END_REF]. To our knowledge, only a few studies have compared the long-term efficacy of these two techniques [START_REF] Macchi | Radiofrequency versus microwave ablation for treatment of the lung tumours: LUMIRA (lung microwave radiofrequency) randomized trial[END_REF][START_REF] Shi | Microwave ablation versus radiofrequency ablation for the treatment of pulmonary tumors[END_REF][START_REF] Chi | Comparison study of computed tomography-guided radiofrequency and microwave ablation for pulmonary tumors: a retrospective, case-controlled observational study[END_REF][START_REF] Vogl | Thermal ablation of colorectal lung metastases: retrospective comparison among Laser-induced thermotherapy, radiofrequency ablation, and microwave ablation[END_REF][START_REF] Yuan | A meta-analysis of clinical outcomes after radiofrequency ablation and microwave ablation for lung cancer and pulmonary metastases[END_REF].

The purpose of this study was to retrospectively compare MWA and RFA in the percutaneous treatment of primary and secondary lung tumors.

Materials and methods

Population

This retrospective study received institutional review board approval and informed consent was obtained from all patients. We analyzed the files of patients who underwent pulmonary thermal ablation in our institution between March 2013 and February 2018.

Intervention and follow-up

All patients had a consultation with a radiologist before treatment, to ensure the feasibility of thermal ablation and check for absence of any contraindications. They had an anesthetic consultation and had blood tests to check that there were no coagulation abnormalities.

The interventions were performed under general anesthesia, with the ongoing presence of an anesthesiologist during the procedure. For both RFA and MWA, the intervention was performed under CT fluoroscopy (BrightSpeed TM , General Electric Healthcare) by one of three interventional radiologists with 7-, 10-and 15-years of experience in percutaneous thermal ablation. A biopsy was performed during treatment when the tumor histology was not known. A thermocouple was used to control the temperature if there was a risk of damaging a nearby organ.

To choose between the two techniques, we considered the following principles:

RFA was favored since we had more experience with this technique. In the event of a tumor > 25 mm, or when the tumor was near a vessel greater than 3 mm in diameter, MWA was selected. MWA was preferred when there were multiple lesions to treat (at least two lesions in the same lung).

For RFA treatment, a generator (RF 3000 TM , Boston Scientific) and a 14 G needle electrode with a co-axial system (LeVeen CoAccess TM , Boston Scientific) were used (Fig. 2). If necessary, the RFA needle was repositioned to complete the ablation, depending on the volume of the target lesion. Dispersion electrodes were placed on the patients' thighs. The treatment wattage and duration used were based on the manufacturer's chart (range: 25-180 W). For MWA treatment a microwave generator and a 16-G probe (AMICA MWA System TM , Hospital Service) were used (Fig. 3). From experience, we mainly treated with 40 W power (range: 20-80 W).

At the end of the thermal ablation therapy, a plain chest CT examination was performed to search for complications such as pneumothorax, intra-alveolar hemorrhage or bronchial fistulization (Fig. 4). In case of pneumothorax, we proceeded as follows: when the pneumothorax was minimal and well tolerated, the patient had no drain placement. In other situations, a drain (Skater TM 8F, Argon Medical) was positioned within the pneumothorax. To avoid another puncture site, whenever it was possible and safe, the drain was inserted via the electrode entry point, running to the apical and anterior section of the largest area of the pneumothorax. The patient was then hospitalized in our institution and underwent chest X-ray six hours later. The patient was discharged after good clinical tolerance was obtained and normalization of chest X-ray findings.

The patients underwent follow-up unenhanced CT examination one month after thermal ablation, then every three months for one year. size was measured in the three planes on chest CT performed before thermal ablation.

The following parameters were studied on control CT after thermal ablation: occurrence of pneumothorax (drained or not), intra-alveolar hemorrhage or bronchial fistulization (cavitation). Using the Cardiovascular and Interventional Radiological Society of Europe (CIRSE) classification [START_REF] Filippiadis | Cirse quality assurance document and standards for classification of complications: the Cirse Classification System[END_REF], undrained pneumothorax and intra-alveolar hemorrhage were classified as Grade 1 complications. Drained pneumothorax and bronchopleural fistulas were classified as Grade 2 and Grade 3 complications, respectively. The radiology resident also recorded the length of the hospital stay and the duration of follow-up. The diameter of the ablation zone was measured within the three planes and then its volume was calculated (length × width × height × π/6) on CT examination performed at one month, which closely matches with gross pathologic ablation size [START_REF] Kodama | Temporal evaluation of the microwave ablation zone and comparison of CT and gross sizes during the first month post-ablation in swine lung[END_REF]. Any recurrence by contact with thermal ablation or at a distance was noted, and the duration of disease-free survival was calculated (i. e., time between thermal ablation and the first CT examination that showed recurrence). Lastly, we created a point cloud representing ablation time in MWA at 40 W and ablation small diameter one month after treatment, to estimate the appropriate MWA duration to obtain a complete and safe ablation.

The primary study endpoints were local recurrence during follow-up and the incidence of complications during and following thermal ablation. 

Statistical analysis

Statistical analysis was performed by using XLSTAT TM (Addinsoft) software.

Quantitative variables were expressed as means, SD, and ranges. Qualitative variables were expressed as raw numbers, proportions, and percentages. Comparisons between the groups were performed using Student t-test for continuous variables and chi-square tests with Yates correction for categorical variables. Correlation between axial tumor short diameter at one month after treatment and MWA duration was searched using the Pearson correlation test. P-values < 0.05 were considered indicative of statistical significance.

Results

Baseline characteristics and follow-up

Among the 115 patients, 61 (61/115; 53%) had RFA and 54 (54/115; 47%) had MWA. There were no significant differences between the two groups in terms of age and sex distribution (Table 1). A total of 160 tumors were treated, including 41 (41/160; 25.6%) primary lung tumors and 119 (119/160; 74.4%) lung metastases. Seventy-nine tumors (79/160; 49.4%) were treated by RFA and 81 (81/160; 50.6%) by MWA. Before treatment, the mean largest diameters of the tumors was 13.1 ± 5.1 (SD) mm (range: 4-27 mm) in the RFA group and 17.1 ± 8.3 (SD) mm (range: 5-36 mm) in the MWA group (P < 0.001). No differences in largest tumor diameters were found between the two groups. We performed several sessions with multiple ablations: 15 (15/79; 19%) for RFA and 17 (17/81; 21%) for MWA. The mean follow-up time in the study population was 488.4 days, with no significant differences between RFA group (505.8 ± 308 [SD] days; range: 30-1509 days) and MWA group (471 ± 299 [SD] days; range: 30-1379 days) (P = 0.67).

Treatment efficacy

Technical success was observed in all procedures (160/160; 100%), yielding a technical success rate of 100% (Table 2). The mean duration of thermal ablation was 15.35 ± 6.6 (SD) min (range: 2-45 min) for RFA and 7.51 ± 4.5 (SD) min (range: 1-20 min) for MWA (P < 0.001). After treatment, the mean volume of the ablation zone was 27.2 cm 3 . No differences in mean volume of ablation zone were found between MWA group (30.2 ± 35.9 [SD] cm 3 ; range: 2-97.8 cm 3 ) and RFA group (24.1 ± 21.7 [SD] cm 3 ; range 1.9-243.8 cm 3 ) (P = 0.195) (Fig. 5). No differences in sphericity indexes were found between tumors in the MWA groups (0.60 ± 0.13 [SD]; range: 0.33-0.88) and those in the RFA group (0.64 ± 0.15 [SD]; range: 0.34-0.94) (P = 0.16). Fig. 6 shows the linear correlation between lesion long diameter and respectively RFA and MWA short and long diameters one month after thermal ablation.

Among the 160 tumors treated, we observed a total of nine local recurrences during the follow-up. No differences in local recurrence rates were observed between the RFA group (6/79; 7.6%) and the MWA group (3/81; 3.7%) (P = 0.32). Of these local recurrences, five were treated with RFA, two with MWA and one with cryotherapy, with good local control. The remaining recurrence presented as a diffuse disease, with no indication for local curative treatment.

In addition, patients treated with RFA had a total of 18 distant pulmonary or extra-pulmonary recurrences (18/79; 22.8%) while 24 patients treated with MWA had distant recurrence (24/81; 29.6%) (P = 0.42). Among them, the time before recurrence was 306.75 ± 223 (SD) days (range: 30-745 days) for RFA and 297.40 ± 259 (SD) days (range: 37-1024 days) for MWA (P = 0.89). No differences in disease-free survival were found between RFA group (424.8 ± 371.5 [SD] days; range: 30-1471 days) and MWA group (333.1 ± 313.2 [SD] days; range: 37-1227 days) (P = 0.16).

A linear relationship was found between small-diameter ablation zone at one month after MWA and the duration of the procedure at 40 W (R 2 = 0.6157) (Fig. 7). 

Side effects and complications

No deaths were attributed to thermal ablation. No deaths occurred during the 30 days following thermal ablation. The most common complication was pneumothorax (excluding voluntary pneumothorax, induced to protect high-risk organs). A total of 52 pneumothoraces 52/160; 32.5%) were observed. They were more frequent in the RFA group (32/79; 40.5%) than in the MWA group (20/81; 24.7%) (P = 0.049). Of these, 29 required drainage: 20 required drainage in the RFA group (20/79; 25.3%) compared to 9 in the MWA group (9/81; 11.1%) (P = 0.03). Six RFA (6/79; 7.6%) and two MWA (2/81; 2.5%) procedures were complicated by hemoptysis due to intra-alveolar hemorrhage (P = 0.16). Four bronchopleural fistulas were observed; three in the MWA group (3/81; 3.7%) and one in the RFA group (1/79; 1.2%) (P = 0.32) (Fig. 3). There were no differences between the two groups in terms of Grade 1 and Grade 3 complications. No Grade 4, 5 or 6 complications were observed. Overall, the mean length of hospital stay was 4.57 days, with no differences between RFA (4.46 ± 3.7 [SD] days; range: 1-25 days) and MWA group (4.68 ± 4.6 [SD] days; range: 2-25 days) (P = 0.76).

There were no statistical differences in terms of efficacy or complications between RFA and MWA [START_REF] Macchi | Radiofrequency versus microwave ablation for treatment of the lung tumours: LUMIRA (lung microwave radiofrequency) randomized trial[END_REF]. In another study, Shi et al. retrospectively compared 43 patients treated with RFA and 32 treated with MWA [START_REF] Shi | Microwave ablation versus radiofrequency ablation for the treatment of pulmonary tumors[END_REF]. The overall response rates were 79% and 69% respectively and the complication rates were 49% for RFA and 50% for MWA, without any significant differences between these two techniques [START_REF] Shi | Microwave ablation versus radiofrequency ablation for the treatment of pulmonary tumors[END_REF].

MWA has a number of potential advantages. First, it provides a higher coagulation necrosis volume compared to RFA [START_REF] Brace | Microwave tissue ablation: biophysics, technology, and applications[END_REF]. Second, MWA yields shorter ablation time by comparison with RFA. This enabled us to treat up to five lung metastases in a single session, which could be of interest for frail patients under general anesthesia with iterative treatments. Finally, the absence of limitation by the heat sink effect is an advantage for MWA, especially for tumors adjacent to blood vessels, to decrease the risk of incomplete ablation [START_REF] Lubner | Microwave tumor ablation: mechanism of action, clinical results, and devices[END_REF][START_REF] Wright | Radiofrequency versus microwave ablation in a hepatic porcine model[END_REF].

Several studies have demonstrated that RFA is an effective curative technique.

However, it has some limitations [START_REF] Gillams | Radiofrequency ablation of lung metastases: factors influencing success[END_REF]. De Baere et al. showed that tumors larger than 2 cm were an independent risk factor for local recurrence [START_REF] De Baère | Radiofrequency ablation is a valid treatment option for lung metastases: experience in 566 patients with 1037 metastases[END_REF]. In these situations, RFA overlapping technique leads to a larger number of passages through the pleura, theoretically increasing the risk of complications, post-procedural pain and the duration of the procedure. For these reasons, in our opinion, MWA remains a preferred indication in this frequent situation, provided that the parameters of the procedure are controlled. A thermocouple can also be used to control the ablation volume, in order to obtain a sufficient volume to ensure healthy resection margins without damaging lung tissue. The thermocouple is therefore placed one centimeter away from the lesion, either where there is the highest risk of non-healthy margins, or else in contact with a nearby structure to avoid damaging it.

As demonstrated by our results, MWA can achieve a much larger ablation zone.

However, in our study, the mean ablation volumes were similar in the two groups. These data appear reassuring since they indicate that MWA can be well controlled by appropriate monitoring and by choosing the right ablation parameters. From experience, the majority of our thermal ablations were performed at a 40 W voltage and duration between two and 10 minutes, leading to a satisfactory compromise between ablation volume control, duration, efficacy and safety of thermal ablation. A linear correlation seems to be the most accurate way to predict ablation zone diameter depending on MWA duration. Studies with larger population could help create charts for MWA in lung parenchyma similar to that made for renal tumors [START_REF] Novanta | Chart for renal tumor microwave ablation from human study[END_REF].

Another interesting finding of our study is that pneumothorax is less frequent in patients treated using MWA than in those treated using RFA. The main hypothesis is that MWA yields larger, unrestricted ablation volumes, responsible for necrosis phenomena with retraction and pleural inflammation, potentially limiting the risk of pneumothorax. The larger size of the RFA needle (14-G) compared to the MWA probe (16-G) can also partially explain this result [START_REF] Carrafiello | Complications of microwave and radiofrequency lung ablation: personal experience and review of the literature[END_REF]. However, this result should be interpreted with caution because of potential selection bias due to the retrospective nature of our study. Indeed, RFA was preferred in patients with emphysema, which is a risk factor for pneumothorax.

Our study had several limitations. First, the retrospective nature and the selection criteria between RFA and MWA led to selection bias, since the patients were not randomized to receive one treatment or another. In addition, our study was monocentric and the radiologists practicing this procedure had several years of experience with pulmonary or extra-pulmonary MWA. We did not collect functional data before or after the procedure. Moreover, even though this did not affect our main endpoints, our survival data were biased by the absence of some parameters such as the differentiation between primary and secondary tumors and the concomitant use of other treatments. Lastly, MWA and RFA were not performed in combination with immunomodulation treatment, which seems to be a promising therapeutic strategy [START_REF] Takaki | Can the combination of ablation and immunomodulation become the breakthrough of cancer treatment?[END_REF].

In conclusion, MWA favorably compares with RFA and can be considered as an effective and safe thermal ablation technique for the treatment of lung tumors. MWA can be applied to tumors for which RFA might be not effective because of a tumor greater than 25 mm, a tumor close to a vessel greater than 3 mm in diameter or because of multiple lesions. Our results suggest that MWA may broaden the indications of pulmonary thermal ablation.
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  4,5 ± 3,7 jours (1-25 jours) dans le groupe RF et de 4,7 ± 4,6 jours (2-25 jours) dans le groupe MO (P = 0,76). Conclusion : La thermo-ablation par micro-ondes peut être considérée comme une technique d'ablation pulmonaire efficace et sûre, en particulier dans les situations où la RF peut être mise à défaut.

Figure 2 .

 2 Figure 2. Seventy-seven-year-old woman with single lung metastasis from colorectal carcinoma of the left lower lobe that was treated by radiofrequency ablation (RFA). A. CT image in the axial plane obtained during RFA shows a deployable electrode inserted into a subpleural lung metastasis with an axial diameter of 15 mm (arrow). B. CT image in the axial plane obtained one month after RFA shows a ''target-like'' appearance with ground-glass opacification induced by RFA (arrow).C. CT image in the axial plane obtained 12 months after RFA shows size reduction of the lesion with residual scarring (arrow).

Figure 3 .

 3 Figure 3. Seventy-year-old man with single lung metastasis from colorectal carcinoma in the right lower lobe that was treated by microwave ablation (MWA). A. CT image in the axial plane obtained during MWA shows MWA needle inserted into a subpleural, 31-mm large, pulmonary metastasis in the right lower lobe (arrow). B. CT image in the axial plane obtained one month after MWA shows a ''target-like'' appearance with ground-glass opacification induced by MWA (arrow). C. CT image in the axial plane obtained 12 months after MWA shows residual scarring with an axial diameter of 38 mm (arrow).

Figure 4 .

 4 Figure 4. Sixty-two-year-old man with a primary lung tumor in the right upper lobe who developed bronchopleural fistula after microwave ablation (MWA). A. CT image in the coronal plane obtained before MWA shows a subpleural primary lung cancer, with an axial diameter of 30 mm (arrow). B. CT image in the axial plane obtained during thermal ablation shows MWA needle placed into the tumor. A trans-osseous approach was chosen to be parallel to the long axis of the lesion (arrow). C. CT image in the axial plane obtained during MWA. A pneumothorax (arrow) was created to protect the right brachial plexus during MWA. D. CT image in the axial plane obtained one month after MWA shows cavitation (arrow) attributed to a bronchopleural fistula. E. CT image in the axial plane obtained six months after MWA shows complete regression of the bronchopleural fistula and residual scarring with an axial diameter of 38 mm (arrow).

Figure 5 .

 5 Figure 5. Box plots show ablation volumes (A) and short tumor diameters (B) one month after radiofrequency ablation (in blue) and microwave ablation (in green). The bars in the box represent (from bottom to top) the first quartile, the median and the third quartile. The lower and upper outside bars represent the minimum and the maximum values respectively. (RFA: Radiofrequency ablation; MWA: Microwave ablation).

Figure 6 .

 6 Figure 6. Graphs show comparison between lesion long diameter and RFA (A) or MWA (B) short and long diameters: short diameters one month after ablation were consistently larger than lesion long diameter, while controlling ablation volumes. Each bar refers to a single tumor. (RFA: Radiofrequency ablation; MWA: Microwave ablation).

Figure 7 .

 7 Figure 7. Graph shows linear correlation between microwave ablation time (min) and short diameter at 40 W. (MWA: Microwave ablation).
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Data analysis

We classified the patients into two groups: RFA and MWA. For each patient, a radiology resident noted the following variables: age, sex, primary or secondary origin, site of the primary tumor, location of the lung lesion, and treatment modality. Tumor

Abstract

Purpose: The purpose of this study was to retrospectively compare microwave (MWA) and radiofrequency (RFA) ablation in the percutaneous treatment of primary and secondary lung tumors. Material and methods: A total of 115 patients with a total of 160 lung tumors (primary, n = 41; secondary, n = 119) were retrospectively included. There were 56 men and 59 women with a mean age of 67.8 ± 12.7 (SD) years (range: 42-89 years) who underwent either MWA (61 patients; 79 tumors) or RFA (54 patients; 81 tumors). The primary study endpoints were local recurrence during follow-up and the incidence of complications during and following thermal ablation. The MWA and RFA groups were compared in terms of treatment efficacy and complication rates.

Results: Demographics were similar in the two groups. Mean tumor diameter was smaller in RFA group (13.1 ± 5.1 [SD] mm; range: 4-27 mm) than in MWA group (17.1 ± 8.3 [SD] mm; range: 5-36 mm) (P < 0.001). Ablation volumes at one month were 24.1 ± 21.7 (SD) cm 3 (range: 2-97.8 cm 3 ) in RFA group and 30.2 ± 35.9 (SD) cm 3 (range: 1.9-243.8 cm 3 ) in MWA group (P = 0.195). During a mean overall follow-up duration of 488 ± 407 (SD) days (range: 30-1508 days), 9/160 tumors (5.6%) developed local recurrence: six (6/79; 7.6%) in the RFA group and three (3/81; 3.7%) in the MWA group (P = 0.32).

Pneumothoraxes were more frequent in the RFA group (32/79; 40.5%) than in the MWA group (20/81; 24.7%) (P = 0.049). The mean length of hospital stay was 4.5 ± 3.7 (SD) days (range: 1-25 days) in the RFA group and 4.7 ± 4.6 (SD) days (range: 2-25 days) in the MWA group (P = 0.76).

Conclusions: MWA favorably compares with RFA and can be considered as an effective and safe thermal ablation technique for lung tumors, especially in situations where RFA has limited efficacy. 
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The inclusion criteria were as follows:

• Patients with primary or secondary lung tumor;

• Patients considered inoperable due to clinical, functional or biological data, with an estimated life expectancy greater than six months, for whom the decision of curative thermal ablation treatment was made in a multidisciplinary meeting.

In the event of tumor recurrence, patients treated with RFA or MWA and meeting these criteria were also included. The exclusion criteria were as follows:

• simultaneous extra-thoracic or thoracic lesions inaccessible with thermal ablation at the time of treatment;

• contraindication for general anesthesia;

• severe coagulopathy or no stop of anti-platelet therapy prior to treatment.

We initially retrieved 152 patients who had a consultation for lung thermal ablation in our institution between March 2013 and February 2018. Among them, 37 were excluded: 21 had new extra-thoracic lesions on the chest CT scan performed before the consultation, 10 refused the treatment and 6 did not stop their anti-platelet therapy. Fig. 1 shows the flow chart of patients who were considered for this study. Our study population included 115 patients. There were 56 men and 59 women with a mean age of 67.8 ± 12.7 (standard deviation [SD]) years (range: 42-89 years). 

Discussion

Considering our results, MWA can be considered as an effective and safe ablation technique for the treatment of primary and secondary inoperable lung tumors, as the local control rate was not statistically different between MWA and RFA. This rate is consistent with those reported in the literature. Of the few studies comparing these two pulmonary ablation techniques, none showed superiority of RFA over MWA [START_REF] Macchi | Radiofrequency versus microwave ablation for treatment of the lung tumours: LUMIRA (lung microwave radiofrequency) randomized trial[END_REF][START_REF] Shi | Microwave ablation versus radiofrequency ablation for the treatment of pulmonary tumors[END_REF][START_REF] Chi | Comparison study of computed tomography-guided radiofrequency and microwave ablation for pulmonary tumors: a retrospective, case-controlled observational study[END_REF][START_REF] Vogl | Thermal ablation of colorectal lung metastases: retrospective comparison among Laser-induced thermotherapy, radiofrequency ablation, and microwave ablation[END_REF][START_REF] Palussière | Percutaneous thermal ablation of lung tumors -Radiofrequency, microwave and cryotherapy: where are we going?[END_REF]. Only Macchi et al. included 52 patients prospectively in the LUMIRA study [START_REF] Macchi | Radiofrequency versus microwave ablation for treatment of the lung tumours: LUMIRA (lung microwave radiofrequency) randomized trial[END_REF].
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Résumé

Objectif : L'objectif de cette étude était de comparer rétrospectivement la thermo-