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ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Les mouvements pendant et entre les fractions peuvent conduire à une diminution de la couverture tumorale et à une exposition des organes à risque durant la radiothérapie des cancers de la prostate.

Les nouvelles techniques de radiothérapie guidée par l'image (IGRT) permettent de diminuer les marges du volume tumoral prévisionnel (PTV). Notre objectif était de tester la faisabilité d'une radiothérapie guidée par l'image utilisant un monitoring par imagerie de basse énergie (kV) pendant les fractions.

MATERIEL et METHODES :

De novembre 2017 à avril 2018, 44 patients atteints d'un cancer de la prostate ont été inclus dans cette étude utilisant le système de tracking Auto Beam Hold® sur machine Truebeam (Varian Medical Systems, Etats-Unis), guidé par la détection de grains d'or sur imagerie kV. Une marge de PTV de 5 mm a été considérée. Un évènement significatif était défini par la survenue d'une interruption du faisceau nécessitant un repositionnement du patient provoqué par la détection d'un marqueur en dehors de la zone cible de 5 mm de rayon définie autour de chacun des marqueurs pendant une durée supérieure à 45 secondes.

RESULTATS:

Six patients n'ont pu bénéficier du monitoring par imagerie de basse énergie pendant les fractions pour des raisons techniques (perte d'un repère fiduciel = un, prothèse de hanche = quatre, obésité morbide provoquant des mouvements de table = un ). Le taux moyen d'évènements significatifs par patient était de 14% ±19%, et la durée d'irradiation était augmentée en moyenne de 146 ± 86 secondes. Pour un traitement de 39 séances de 2 Gy, la dose additionnelle moyenne de rayonnement était de 0,13 ± 0,09 Gy. Le taux moyen d'évènements significatifs était de 2% et 18% (p=0.002) chez les patients dont la durée de séance planifiée initialement était inférieure versus supérieure à 90 secondes, respectivement, montrant que la durée de l'irradiation est corrélée aux mouvements intraprostatiques. Aucun autre paramètre clinique ou technique n'était corrélé à la survenue d'un évènement significatif.

CONCLUSION:

L'imagerie de basse énergie automatique durant les fractions permet de suspendre l'irradiation efficacement en cas de mouvements pendant les fractions chez la majorité des patients. La dose de rayonnements additionnelle est faible et la durée de traitement acceptable. Cette technique parait donc tout à fait faisable et peut représenter une alternative aux marqueurs électromagnétiques.

INTRODUCTION

External beam radiotherapy (EBRT) is an effective curative treatment modality for localized prostate cancer (PCa). In this setting, the tumor control probability is correlated to the biologically equivalent dose [START_REF] Zaorsky | What is the ideal radiotherapy dose to treat prostate cancer? A meta-analysis of 11[END_REF] and dose escalation has been shown to improve clinical progression-free survival in several randomized trials [2][3][4][5][6]. Escalating the dose to the prostatic gland however requires the use of intensity-modulated radiotherapy (IMRT) with image-guided radiation therapy (IGRT) in order to spare the surrounding structures and decrease treatment-related toxicity [7-9].

During EBRT, the prostate position uncertainty is due both to interfraction motion following patientspecific anatomical changes and set-up uncertainties, and intrafraction motion. Intrafractional movements refer to the prostate motion occurring during the actual radiation treatment fraction. Some studies showed that its amplitude can reach up to 12mm in the anteroposterior axis, 10mm in the craniospinal axis and 6mm laterally, and depends on rectal distension and bladder repletion [10][11][START_REF] Wang | The impact of stool and gas volume on intrafraction prostate motion in patients undergoing radiotherapy with daily endorectal balloon[END_REF], but also on respiration [START_REF] Malone | Respiratory-induced prostate motion: quantification and characterization[END_REF], session duration [START_REF] Frank | of prostate and seminal vesicle interfraction variation during IMRT[END_REF][START_REF] Adamson | Prostate intrafraction motion assessed by simultaneous kilovoltage fluoroscopy at megavoltage delivery I: clinical observations and pattern analysis[END_REF], obesity [START_REF] Millender | Daily electronic portal imaging for morbidly obese men undergoing radiotherapy for localized prostate cancer[END_REF], and treatment position [START_REF] Kitamura | Three-dimensional intrafractional movement of prostate measured during real-time tumor-tracking radiotherapy in supine and prone treatment positions[END_REF].

Intrafraction can lead to decreased target dose coverage and unnecessary over-exposure of organs at risk. Thus, understanding the extent of this motion has important implications for IMRT treatment planning and the design of the Planning Target Volume (PTV) margins.

PTV margins account mainly for daily setup errors and internal target movements. The PTV margins were historically defined as 10mm margins in all directions except posteriorely where they were reduced to 5mm. New IGRT techniques accuracy allows margins reduction, and a 5 mm margin in all directions is now admitted as an optimal margin in case of daily IGRT [START_REF] Ramiandrisoa | Clinical to planning target volume margins in prostate cancer radiotherapy[END_REF], although no consensus on the optimal PTV margins has been reached so far. Too small margins indeed expose to the risk of geographic miss mainly due to rectal distension [START_REF] De Crevoisier | Increased risk of biochemical and local failure in patients with distended rectum on the planning CT for prostate cancer radiotherapy[END_REF][START_REF] Heemsbergen | Increased risk of biochemical and clinical failure for prostate patients with a large rectum at radiotherapy planning: results from the Dutch trial of 68 GY versus 78 Gy[END_REF][START_REF] Engels | Conformal arc radiotherapy for prostate cancer: increased biochemical failure in patients with distended rectum on the planning computed tomogram despite image guidance by implanted markers[END_REF][START_REF] Peng | Characterizing interfraction variations and their dosimetric effects in prostate cancer radiotherapy[END_REF] and could therefore also increase the risk of biochemical relapse.

Prostate motion is complex and a fixed safety PTV margin may not be optimal to account for intrafraction motion, as it would over-compensate at the beginning and under-compensate at the end of the fraction [START_REF] Ballhausen | Intra-fraction motion of the prostate is a random walk[END_REF]. The assessment of intra-fraction motion is mostly based on pre-and post-treatment imaging. However, the uncertainty about the motion during the actual treatment remains, as the relationship between the two points can only be assumed to be linear. Pre-and post-treatment imaging is not a reliable method of assessing intrafraction prostate motion, and intermittent imaging is sufficiently sensitive only at a high sampling rate [START_REF] Noel | Prediction of intrafraction prostate motion: accuracy of pre-and post-treatment imaging and intermittent imaging[END_REF], thus supporting the value of continuous, realtime tracking in PCa EBRT.

A variety of image-guided systems have been developed to monitor the prostate position during treatment, including megavoltage imaging [START_REF] Berbeco | Clinical feasibility of using an EPID in CINE mode for image-guided verification of stereotactic body radiotherapy[END_REF], combined mega-and kilovoltage (kV) imaging [START_REF] Cho | First demonstration of combined kV/MV image-guided real-time dynamic multileaf-collimator target tracking[END_REF], ultrasound [START_REF] Schlosser | Telerobotic system concept for real-time soft-tissue imaging during radiotherapy beam delivery[END_REF], electromagnetic guidance [START_REF] Kupelian | Multi-institutional clinical experience with the Calypso System in localization and continuous, real-time monitoring of the prostate gland during external radiotherapy[END_REF], the BrainLAB ExacTrac® x-ray system [START_REF] Alonso-Arrizabalaga | Prostate planning treatment volume margin calculation based on the ExacTrac X-Ray 6D image-guided system: margins for various clinical implementations[END_REF] , and the Cyberknife® platform. Several of these methods require additional equipment not available on a standard linear accelerator and require further expertise to implement.

The kilovoltage Intrafraction Monitoring (KIM) is an image-based real time localisation device clinically implemented since 2012, which takes advantage of the gantry-mounted kV imager available on modern linear accelerators to determine the position of the prostate in three dimensions from 2D kV projections using a probability density function. The geometrical accuracy of KIM has been established, and the software has successfully been used to measure prostate displacement during treatment in preliminary studies [START_REF] Ng | Kilovoltage intrafraction monitoring for prostate intensity modulated arc therapy: first clinical results[END_REF]. Here we report our practical experience with the KIM protocol using the Truebeam Auto Beam Hold® feature system (Varian Medical Systems®, Palo Alto, CA, United States) in patients with PCa.

METHODS AND MATERIALS

Patient population

All patients referred for definitive EBRT for PCa, with or without androgen deprivation from November 2017 to July 2018 were consecutively included in this study. Patients who had a radical prostatectomy and those who were not eligible for fiducials implantation were excluded.

Implantation of fiducial markers

Three radio-opaque fiducial gold markers (diameter, 1 mm; length, 3 mm; Eckert & Ziegler, Berlin, Germany) were implanted transrectally in the prostate by the urologist under ultrasound guidance: one at the prostate base, one in the apex in a paraurethral position, and one in the lobes in a peripheral posterior position.

Patient setup and planning computerized tomography

The planning CT-scan was performed after a minimum of 10 days after fiducials implantation to allow for resorption of prostatic oedema. Patients were instructed to empty their rectum [START_REF] Engels | Conformal arc radiotherapy for prostate cancer: increased biochemical failure in patients with distended rectum on the planning computed tomogram despite image guidance by implanted markers[END_REF] and to fill their bladder by drinking 500 mL of water before the planning CT, and were asked to try to maintain constant ventilation cycles. To achieve accurate patient positioning and reproducibility, patients were scanned and treated in the supine position with a feet support and a cushion under their knees. No further immobilization devices were used. The planning CT (Philips Aura CT Scanner, Philips Medical Systems, Best, The Netherlands), was acquired with 2-mm slices.

Target volumes and doses

The clinical target volume (CTV) was represented by the prostatic gland. Based on the risk of seminal vesicle involvement according to Roach formula and Partin's table [START_REF] Lughezzani | Comparison of three different tools for prediction of seminal vesicle invasion at radical prostatectomy[END_REF], the 2 proximal centimeters of the seminal vesicles could be included in the CTV. If the seminal vesicles were clinically or radiologically involved, they were entirely encompassed in the CTV. Elective irradiation of the pelvic lymph nodes was performed when the risk of microscopic lymph node involvement was >10%, or in case of radiologically involved nodes. As per routine protocol, PTV margins were not reduced, and included the CTV and a 10mm margin in all directions, except 5 mm posteriorly. Androgen deprivation therapy was prescribed at the discretion of the radiation oncologist, and administered 2 months before the first radiotherapy fraction.

The centroid position of the three fiducials was defined to be the treatment isocenter. Treatment planning was done using Pinnacle treatment planning software v9.10 (Philips Medical Systems, Best, The Netherlands). The dose prescribed to the pelvic lymph nodes (LN), macroscopically uninvolved seminal vesicles (SV) and prostate were 46Gy in 23 fractions, 56Gy in 28 fractions and 78Gy in 39 fractions, respectively. No simultaneous integrated boost was used, but a sequential boost of 10 Gy was delivered on involved pelvic lymph nodes. As such, in patients receiving pelvic irradiation, 16 fractions on the prostate were considered in the present study. In those receiving pelvic node irradiation followed by a boost on involved lymph nodes, only 11 fractions were considered.

Treatment technique

Patients were treated with a TrueBeam 2.0 STx linear accelerator (Varian Medical Systems, Palo Alto, CA, United States) using a 6-MV volumetric modulated arc therapy technique with one or two 360• arcs. No specific diet was prescribed but patients were asked to empty their rectum and fill up their bladder before each fraction by drinking 500 mL of water one hour before treatment.

Daily setup was performed by aligning to fiducials using orthogonal kV imaging. To control the bladder filling and the rectal emptying, cone beam CTs (CBCTs) were done before the 3 first fractions, and weekly thereafter if these first CBCTs were considered as acceptable.

Following the completion of the pelvic phase if indicated, the KIM procedure was performed using the per fraction markers tracking system called Truebeam Auto Beam Hold® available in the advanced IGRT and motion management package (Varian Medical Systems, United State). To allow this procedure, centres of the seeds are defined as localizers during the planning phase. A tolerance for agreement of the prostate position of each marker was set by defining a circle of 5 mm radius around each fiducial.

During RapidArc® delivery, a kV image was automatically acquired with a momentary beam hold every 15 seconds of gantry rotation. This interval was defined according to the work Noel et al. who showed that imaging at a sampling rate of 30 seconds has a sensitivity of 92% and 89% to detect a prostate displacement >3 mm and >5 mm, respectively [START_REF] Noel | Prediction of intrafraction prostate motion: accuracy of pre-and post-treatment imaging and intermittent imaging[END_REF]. Kv triggered images parameters were defined as 80kV/8mAs for normal corpulence patients and 90kV/10mAs for overweighted patients with a field size of 20mm around the three fiducial detection area.

The position of each fiducial was identified by the GoldSeed detection algorithm and automatically compared to the predetermined 10 mm diameter target area on each imaging. Treatment continued if all the fiducials were within the target area (Figure 1). If any fiducial was outside the target area, the beam hold was not released, and a new kV imaging was automatically performed after 15 more seconds. If the position was correct, the beam was released. Conversely, a third imaging was performed after 15 more seconds (meaning 45 seconds from the start of the beam interruption). If any fiducial was still not within the target area, the beam was stopped (Figure 1) for the operators to realign the fiducials using the daily setup method. This procedure was repeated during the whole fraction.

A gating event (GE) was defined as a prostate displacement outside the 5 mm target area but with spontaneous return within the target area. A significant gating event (SGE) was defined as a GE requiring a beam interruption and patient repositioning.

Statistical considerations

For each treatment fraction and each patient, we reported the rate of sessions during which a GE or a SGE occurred, the total fraction duration (from the beginning of the beam-on delivery up to the last beam-off delivery), re-setup shifts, and dose delivered by the procedure.

As the rate of SGE did not follow a normal distribution according to the Agostino test, a Mann-Whitney test was used to compare these parameters. All statistical analyses were conducted using Statistical Package for XL STAT v10.0 software. Statistical significance was set at p < 0.05 for all analyses.

RESULTS

Patients' and treatment characteristics

Between November 2017 and April 2018, 44 consecutive patients with PCa were included. Six patients could not benefit from the monitoring because of technical issues (loss of one fiducial marker n=1, hip prosthesis n=4, morbid obesity causing table movements during sessions n=1). The technique could be implemented in all others 38 patients, regardless of their clinical characteristics. Among these, almost half had an intermediate risk PCa according to the D'Amico classification.

Median age was 72 years (56-83). The majority of patients were overweight and had little low urinarytract symptoms according to the reported International Prostate Symptom Score (IPSS) and alphablocker use. Eighty-five percents of patients received hormonal therapy which was initiated 2 months before the radiotherapy course and 50% had pelvic nodal irradiation. All patients were treated with volumetric modulated arc therapy using one (34%) or two arcs (66%). Patients' characteristics are presented in Table 1.

Prostate motion

Considering the 1010 treatment fractions, GE occurred in 26% of all fractions: In half of the cases, the fiducials returned spontaneously in the target area during the following 45 seconds whereas 13% GE were SGE. The mean rates of GE and SGE per patient were 31% ±25% and 14% ±19% respectively.

Procedure duration

The average theoretical irradiation duration including the KIM procedure (without GE) was 158 ± 61 seconds. When a GE or a SGE occurred, the session was lengthened by 146 ± 86 seconds in average, thus representing 95 additional minutes for a whole treatment of 39 fractions. The longest fraction lasted 28.9 minutes.

The median time interval between kV acquisition and beginning of the beam was 150 seconds (95-353).

kV dose delivered

The total additional dose was 0.13 ± 0.09 Gy in average with a maximum of 0.40 Gy for one individual patient. The process represented a mean additional dose of 5.13 ± 2.84 mGy per fraction.

Intrafraction motion over the whole treatment course

To investigate whether prostate displacement occurred more likely toward the beginning or the end of the treatment course, the first and the last nineteen fractions of each patient were analyzed separately and the occurrence of GE were similar (12% vs. 12%; p=0.973).

Intrafraction significant shifts

All consecutive re-setup shifts are presented in Figure 2. Intrafraction motion amplitude reach up to 12mm in the longitudinal axis, 11 mm in the anteroposterior axis and 6mm laterally and in average respectively -0.23 ± 0.36 mm, -0.23 ± 0.34 mm and -0.10 ± 0.22 mm. The mean 3D vector measurement was 0.60 ± 0.23mm.

Predictive factors for intrafractions movements

We found a mean rate of SGE of 2% vs. 18% (p=0.002), 4% vs. 21% (p=0.003) and 8% vs. 21% (p=0.015) in patients whose irradiation duration was theoretically < 90 vs. > 90 seconds, < 120 vs. >120 seconds and < 180 vs. > 180 seconds respectively, showing that fraction duration is strongly associated with prostate intrafraction movements. The average durations for a one arc and two arcs treatments were 83 ± 9 and 197 ± 34 seconds, and the rates of SGE were 4% and 21% (p=0.003) in these patients, respectively.

As shown in Table 2, previous pelvic irradiation (16% vs. 12%; p=0.497), overweight or obesity (15% vs. 10%; p=0.691 and 7% vs. 19%; p=0.197), and lower urinary-tract symptoms according to the IPSS (13% vs. 12%; p=0.789) were not correlated with the occurrence of SGE. Locally advanced tumors seemed to have a greater motion than others but the observed difference was not statistically significant. Bladder, rectal and prostate volumes did not influence the rate of SGE.

DISCUSSION

The impact of a suboptimal coverage of the CTV is crucial. De Crevoisier et al. reported a higher incidence of local relapses and rectal toxicity in patients with distended rectums on the planning CT scan, and treated without daily IGRT, presumably because of geographic miss due to inter-fraction shifts [START_REF] De Crevoisier | Increased risk of biochemical and local failure in patients with distended rectum on the planning CT for prostate cancer radiotherapy[END_REF]. The prostate underdosage was indeed estimated to be over 16 Gy in this study. In the same way, Heemsbergen et al. found that an anorectal volume > 90 cm3 and diarrhea occurring during treatment were significant predictors for freedom from clinical failure [START_REF] Heemsbergen | Increased risk of biochemical and clinical failure for prostate patients with a large rectum at radiotherapy planning: results from the Dutch trial of 68 GY versus 78 Gy[END_REF]. Unexpectedly, Engels et al. reported a significantly lower 5-year biochemical disease free survival in patients with fiducial markers, compared to patients without markers [START_REF] Engels | Conformal arc radiotherapy for prostate cancer: increased biochemical failure in patients with distended rectum on the planning computed tomogram despite image guidance by implanted markers[END_REF]. This was attributed to the substantially reduced margins (3 mm in the left-right and 5 mm in the antero-posterior and cranio-caudal direction) in case of markers, margins which were however insufficient to deal with intra-fraction prostate motion.

These results underline the importance of adequate PTV margins and also emphasize the need for IGRT to improve local control in PCa.

We report here one of the first reports using a KIM during volumetric arctherapy for PCa, and the second focusing on the Auto Beam Hold® device. We showed that, in average, intrafraction motion was larger than 5 mm in 31% of all fractions, and this rate even reached 94% in one individual patient.

It seems therefore that without intra-fractional motion control, safety PTV margin > 5mm are needed.

Intrafraction re-setup positioning errors were higher in the anterior-posterior position, which is in agreement with the recently published report of Rosario et al [START_REF] Rosario | Toward planning target volume margin reduction for the prostate using intrafraction motion correction with online kV imaging and automatic detection of implanted gold seeds[END_REF]. However, in their study reporting on 82 patients, total beam stops occurred in 14% of sessions, and the amplitude of re-setup shifts was slightly lower than ours, with a magnitude of 5.0 mm. The only study reporting on the dosimetric impact of intra-fractional prostate motion was reported by Azcona et al. in a cohort of 8 patients [START_REF] Azcona | Assessing the dosimetric impact of real-time prostate motion during volumetric modulated arc therapy[END_REF]. The gross tumor volume receiving prescription dose (V100%) could be largely affected by motion, dropping below 60% in 1 trajectory, but there was no correlation between motion magnitude and dose degradation, and the degradation of the delivered dose to the target was reduced over multiple fractions.

More recently Keall et al. reported an improvement in the beam-target geometric alignment (from 1.4 to 0.90 mm) and in dosimetric coverage in 28 men treated with volumetric arctherapy using an electromagnetic-guided multileaf collimator tracking [START_REF] Keall | Electromagnetic-Guided MLC Tracking Radiation Therapy for Prostate Cancer Patients: Prospective Clinical Trial Results[END_REF]. They also reported a reduced rate of displacement > 5 mm from 16% to 0% with their KIM-guided gating [START_REF] Keall | Real-Time 3D Image Guidance Using a Standard LINAC: Measured Motion, Accuracy, and Precision of the First Prospective Clinical Trial of Kilovoltage Intrafraction Monitoring-Guided Gating for Prostate Cancer Radiation Therapy[END_REF]. In their first clinical results on 10 patients, they observed a displacement > 5mm in 2.2% of the time [START_REF] Ng | Kilovoltage intrafraction monitoring for prostate intensity modulated arc therapy: first clinical results[END_REF]. In the same way, Sihono et al. described a > 4mm and > 6mm displacement in 2.29% and 0.56% of the treatments in 38 patients [START_REF] Sihono | Determination of Intrafraction Prostate Motion During External Beam Radiation Therapy With a Transperineal 4-Dimensional Ultrasound Real-Time Tracking System[END_REF].

In our study, we reduced the average fraction vector > 5mm displacement from 31% to 0% with a patient re-positioning rate of 14%. Our higher displacement rate may be explained by the heterogeneous population, especially by a higher rate of patients with high risk PCa, thus receiving pelvic irradiation.

We found a very low rate (2%) of SGE in patients treated with an arc delivery duration < 90 seconds, and we showed that the most important factor for intra-fractional prostate motion was the duration of the fraction (p=0.002), highlighting the importance of initiating treatment shortly after patient positioning. To minimize treatment time, fast treatment technique like volumetric modulated arc therapy should be preferred, ideally with the use of one arc rather than two (4% vs. 21%; p=0.003). This is in agreement with other reports showing that the intra-fractional motion is negligible during the first 2 minutes [START_REF] Li | Reduction of prostate intrafractional motion from shortening the treatment time[END_REF]. Langen et al. reported a maximal value of displacements >3 mm at 5 and 10 min after initial positioning in 43% and 75% of the treatment time, respectively, in patients treated using electromagnetic tracking. The displacements >3 mm were observed 5 min after initial alignment in about 1/8 of the observations, and increased to 1/4 at 10 min. On average, the prostate was displaced >3 mm and >5 mm in 13.6% and 3.3% of the total treatment time [START_REF] Langen | Observations on real-time prostate gland motion using electromagnetic tracking[END_REF]. Budiharto et al. also found a prostate displacement >5 mm at the end of treatment in 21% of the fractions lasting longer than 450s [START_REF] Budiharto | Intrafractional prostate motion during online image guided intensity-modulated radiotherapy for prostate cancer[END_REF]. For Curtis et al., in the absence of continuous prostate motion monitoring, and under ideal circumstances, 1-, 2-, and 3-mm vector planning margins required a respective imaging frequency every 15, 60, and 240 seconds to account for intra-fraction prostate motion to achieve adequate geometric target coverage in 95% of the time [START_REF] Curtis | Relationship of imaging frequency and planning margin to account for intrafraction prostate motion: analysis based on real-time monitoring data[END_REF]. With fewer patients, Xie et al. agreed that a sampling rate of 40 sec between consecutive imaging was acceptable to ensure sub-millimeter tracking. However, there was a significant movement variation among patients, and a higher sampling rate might be necessary in some cases, as large variation exist [START_REF] Xie | Intrafractional motion of the prostate during hypofractionated radiotherapy[END_REF].

Furthermore, although we did not quantified its value, we noticed in some patients a significant motion of the prostate between the markers match procedure and the first kV imaging, meaning that intra-fraction motion also occurs immediately during the rotation of the collimator to reach its starting position. Budirharto et al. described the same phenomenon and showed that the residual set-up error after the initial kV-imaging was the most important contributor to intra-fractional movement, possibly by pelvic floor muscle relaxation after the on-line imaging procedure [START_REF] Budiharto | Intrafractional prostate motion during online image guided intensity-modulated radiotherapy for prostate cancer[END_REF]. These findings emphasize the need to keep the marker match procedure as short as possible as the measured displacement mostly occurred before the first beam-on, the prostate position becoming relatively stable afterwards [START_REF] Adamson | Prostate intrafraction motion assessed by simultaneous kilovoltage fluoroscopy at megavoltage delivery I: clinical observations and pattern analysis[END_REF].

The KIM based on gold markers presents many advantages. First, it is a simple and accurate IGRT technique. Indeed, kV have been shown to have equivalent accuracy to transponders systems with an average difference of 1mm in translation and 1° in rotation [START_REF] Hamilton | Comparison between electromagnetic transponders and radiographic imaging for prostate localization: A pelvic phantom study with rotations and translations[END_REF]. Second, we did not face any overlapping markers limitations as they have been described with other techniques [START_REF] Keall | Real-Time 3D Image Guidance Using a Standard LINAC: Measured Motion, Accuracy, and Precision of the First Prospective Clinical Trial of Kilovoltage Intrafraction Monitoring-Guided Gating for Prostate Cancer Radiation Therapy[END_REF]. Third, the treatment duration increase in case of GE or SGE can be considered as acceptable, as it represents 95 minutes of the overall treatment time of a normo-fractionated course of 78Gy (146 seconds per fraction). Finally, only 6 patients in our study could not benefit from this technique mainly because of hip prosthesis. In comparison, half of the patients had to be excluded in a trial using a transperineal 4D ultrasound real-time tracking system [START_REF] Sihono | Determination of Intrafraction Prostate Motion During External Beam Radiation Therapy With a Transperineal 4-Dimensional Ultrasound Real-Time Tracking System[END_REF].

One of the main drawbacks of this device is the radiation dose associated with the additional imaging, which can become substantial if one considers the number of treatment fractions, and should therefore be accounted for in the overall prescribed treatment dose. We found an average additional dose of 5.13 mGy per fraction, meaning a total dose of 0.20 Gy for the entire treatment. This still remains lower than the additional dose delivered by daily CBCTs which represents approximately 0.32 Gy for a normo-fractionated course (daily dose of approximately 8 mGy). Of note, we optimized the KIM kV parameters for a less irradiating IGRT protocol. It must also be mentioned that the KIM protocol does not take into account the prostate deformation, the prostate volume variation [START_REF] Nichol | A magnetic resonance imaging study of prostate deformation relative to implanted gold fiducial markers[END_REF] nor the potential markers' displacements during the radiation course. Finally, the radiobiological impact of a discontinuous irradiation is unknown.

.

CONCLUSION

Kilovoltage intra-fraction monitoring is feasible in daily routine and induces a smaller additional radiation dose than daily CBCT. Treatment duration has a strong impact on the probability of prostate motion and a 5mm PTV exposes to a significant undercovering of the prostate volume without the use of an intra-fraction tracking system. We found that the motion magnitude varies considerably among patients, and more criteria are needed to select the patients who could benefit the most of an intrafraction monitoring. However, considering the advent of the hypofractionated irradiation and therefore longer treatment duration, attention should be paid not to underestimate the intra-fraction motion. 
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Figure 1 .

 1 Figure 1. Fiducials position within the target area (Beam on) and out of the target area (Beam off).

Figure 2 .

 2 Figure 2. Longitudial, Vertical and Lateral shifts (mm).

  

Table 1 :

 1 Patients and disease characteristics Body Mass Index, IPSS = International Prostate Symptom Score, PSA = Prostate Specific Antigen, ISUP = International Society of Urological Pathology, PTV = Planning Target Volume

	N=38	%

Table 2 :

 2 Univariate analysis for the occurrence of significant gating event (SGE)

	Variables	mean ±SD	p value
	Clinical parameters			
	Obesity (BMI > 30 vs <)	7% ± 7%	19% ± 22%	0.197
	Overweight (BMI > 25 vs <)	15% ± 20%	14% ± 15%	0.691
	Moderate LUTS (IPSS > 7 vs <)	13% ± 19%	12% ± 15%	0.789
	Alpha blockers use ( yes vs no)	17% ± 27%	14% ± 17%	0.987
	D'Amico classification			
	Low risk ( yes vs no)	11% ±14%	15% ± 19%	0.631
	Intermediate risk	12% ± 16%	16% ± 21%	0.434
	High risk	18% ± 23%	12% ± 15%	0.251
	Treatment parameters			
	Androgen deprivation (yes vs no) 15% ± 19%	7% ± 12%	0.266
	Pelvic nodal irradiation vs none	16% ± 22%	12% ± 15%	0.497
	1 arc vs 2 arcs	4% ± 6%	21% ± 21%	0.003
	< 90 sec vs >	2% ± 0%	18% ±20%	0.002
	< 120 sec vs >	4% ± 6%	21% ± 21%	0.003
	< 180 sec vs >	8% ±11%	21% ± 22%	0.015
	CT planning volumes			
	Rectum > 90cc vs <	14% ± 15%	13% ± 18%	0.318
	Bladder > 500cc vs <	8% ± 8%	16% ± 20%	0.618
	Prostate > 80cc vs <	22% ± 24%	11% ± 14%	0.059