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Purpose.-Brachytherapy can be used for the treatment of every localized prostate cancer , notably as boost for intermediate-and high-risk prostate cancer. With the incidence of prostate cancer increasing significantly during the next decades and brachytherapy developing, we conducted a descriptive survey to analyse the current status of prostate brachytherapy in France to see if the future demands could be met.

Material and methods.-All radiotherapy centres that declared providing brachytherapy were found from the French national institute of cancer registry and they were asked to reply to an online form in April 2018.

Results.-Fifty-two of the 54 brachytherapy centres (96%) replied the form and 34 centres did prostate brachytherapy. Among those centres, 32 performed iodine 125 low-dose rate brachytherapy as

monotherapy, 19 provided brachytherapy boost (eight centres low-dose rate 125I; seven centres highdose rate; four centres both). Among the centres not performing brachytherapy boost, 18 wanted to do, eight did not want and nine did not reply. The main reasons for reluctance towards brachytherapy boost were: organization constraints (three centres), refer patients to a nearby brachytherapy centre (one centre), technical issues (two centres) and lack of strong scientific evidences (two centres). In terms of human resources, the mean number of trained physicians and physicists were two (range: 1 -6) and three (range: 1 -5) respectively.

Conclusion.-In France, the future needs for prostate brachytherapy cannot be met by the current health supply. Health authorities should firstly reimburse brachytherapy boost and redefine an optimal training and organization of centres such that every patient with prostate cancer can receive optimal treatment.

Résumé

Objectif de l'étude.-Actuellement, la curiethérapie de prostate peut être utilisée pour tous stades localisés de cancer de prostate, notamment en complément d'irradiation pour ceux de pronostics intermédiaire ou défavorable. Son taux d'incidence augmentant significativement dans les prochaines décennies et l'utilisation de la curiethérapie se développant, nous avons réalisé une enquête nationale afin d'estimer l'offre de soin nécessaire pour subvenir aux besoins.

Matériel et méthodes.-Tous les centres ayant déclaré utiliser la curiethérapie à l'Institut national du cancer ont été sollicités pour répondre à un questionnaire en ligne (avril 2018).

Résultats.-Cinquante-deux des 54 centres (96%) qui déclaraient délivrer de la curiethérapie ont répondu au questionnaire et 34 centres délivraient de la curiethérapie de prostate. Parmi ces centres, 32 utilisaient la curiethérapie de prostate de bas débit de dose par implants d'iode 125 en exclusivité, et 19 utilisaient la curiethérapie de prostate en complément d'irradiation (bas débit : huit centres, haut débit : centres, les deux : quatre). Pour ce qui concerne les centres qui ne délivraient pas de curiethérapie de prostate en complément, 18 souhaitaient l'utiliser, huit ne voulaient pas et neuf n'ont pas répondu. Les raisons évoquées pour ne pas en délivrer étaient : des contraintes organisationnelles (trois centres), la possibilité de référer les patients à un centre de proximité (un centre), des problèmes techniques (deux centres) et l'absence de niveau de preuve scientifique (deux centres). En termes de ressources humaines, il y avait en moyenne deux médecins (minimum-maximum : 1-6) et trois physiciens (minimum-maximum : 1-5) formés par centre.

Conclusion.-En France, l'état actuel de la curiethérapie de prostate ne permet pas de répondre aux futures demandes. La formation ainsi que l'organisation des services et la prise en charge incluant un remboursement adéquat de la curiethérapie de complément d'irradiation du cancer de la prostate doivent être organisés pour obtenir une offre de soin optimale.

Introduction

Brachytherapy is an important technique of irradiation as it offers a highly conformal dose to the tumour while protecting organs at risks [START_REF]Recent developments in radiotherapy[END_REF]. As brachytherapy is considered a standard of care in lowrisk prostate cancer, there is increasing evidence in favour of brachytherapy boost for intermediateand high-risk prostate cancer [START_REF] Chin | Brachytherapy for patients with prostate cancer: American Society of Clinical Oncology/Cancer Care Ontario joint guideline update[END_REF][START_REF] Spratt | American Brachytherapy Society Task Group Report: Combination of brachytherapy and external beam radiation for high-risk prostate cancer[END_REF][START_REF] Morris | Androgen suppression combined with elective nodal and dose escalated radiation therapy (the ASCENDE-RT Trial): an analysis of survival endpoints for a randomized trial comparing a low-dose-rate brachytherapy boost to a dose-escalated external beam boost for high-and intermediate-risk prostate cancer[END_REF][START_REF] Smith | Brachytherapy improves biochemical failure-free survival in low-and intermediate-risk prostate cancer compared with conventionally fractionated external beam radiation therapy: a propensity score matched analysis[END_REF][START_REF] Hoskin | Randomised trial of external beam radiotherapy alone or combined with high-dose-rate brachytherapy boost for localised prostate cancer[END_REF][START_REF] Sathya | Randomized trial comparing iridium implant plus external-beam radiation therapy with external-beam radiation therapy alone in node-negative locally advanced cancer of the prostate[END_REF][START_REF] Bossi | Combination external beam radiation and brachytherapy boost for prostate cancer[END_REF]. Therefore, brachytherapy can be considered in every localized prostate cancer as it provides excellent biochemical control, with encouraging results in terms of metastatic-free-survival or overall survival [START_REF] Kee | Brachytherapy versus external beam radiotherapy boost for prostate cancer: Systematic review with meta-analysis of randomized trials[END_REF][START_REF] Kishan | Radical Prostatectomy, external beam radiotherapy, or external beam radiotherapy with brachytherapy boost and disease progression and mortality in patients with Gleason score 9-10 prostate cancer[END_REF][START_REF] Ennis | Brachytherapy-based radiotherapy and radical prostatectomy are associated with similar survival in high-risk localized prostate cancer[END_REF][START_REF] Johnson | Brachytherapy boost utilization and survival in unfavorable-risk prostate cancer[END_REF][START_REF] Grimm | Comparative analysis of prostate-specific antigen free survival outcomes for patients with low, intermediate and high risk prostate cancer treatment by radical therapy. Results from the Prostate Cancer Results Study Group[END_REF]. Despite this fact, there is a decreasing trend of using prostate brachytherapy, as it requires, a multi-disciplinary team for optimal organization, including operating theatre and anaesthesiology and technical education for a good operator skill [START_REF] Orio | The decreased use of brachytherapy boost for intermediate and high-risk prostate cancer despite evidence supporting its effectiveness[END_REF][START_REF] Ling | Declining brachytherapy utilization for high-risk prostate cancer-Can clinical pathways reverse the trend?[END_REF][START_REF] Hannoun-Lévi | Brachytherapy boost for prostate cancer: A potential conflict of disinterest[END_REF]. Considering the incidence rate of prostate cancer to be 100/100 000 men in France and the possible 24% increase of prostate cancer by 2025, it can be argued that the number of patients to be treated for prostate cancer in 2025 can be ranged between 15 000 and 20 000 per year [START_REF]Anon. Épidémiologie des cancers -Les chiffres du cancer en France[END_REF][START_REF] Borras | How many new cancer patients in Europe will require radiotherapy by 2025? An ESTRO-HERO analysis[END_REF].

In order to investigate if the future demands for prostate brachytherapy could be met in our actual health care supply, we conducted a national survey to analyse the current status of brachytherapy boost for prostate cancer in France.

2.Material and methods

By using the French national institute of cancer (Institut national du cancer, INca) registry, a survey was addressed to all radiotherapy centres that declared providing brachytherapy. An online form using www.google.com/intl/fr/forms was sent by e-mail to all radiotherapy centres in France in April 2018, followed by two reminders at one month interval and the questionnaire was open for completion until October 2018 [START_REF]Enquête nationale curiethérapie de prostate de[END_REF]. Centres were invited to participate in the survey with the following questions: • How many trained physicians and physicists are working in your centre?

• Is the procedure done in cooperation with a urologist?

An analysis of the number of centres providing brachytherapy boost was performed per region and per inhabitants in order to seek potential areas of medical desertification (assuming a 1:1 sex ratio in each region).

Results

One-hundred and seventy-one radiotherapy centres were declared in the national cancer institute registry. Of these, 54 centres provided brachytherapy: 16 university and general hospitals, 18 specialized cancer centres and 20 private centres. Fifty-two (96%) replied the online form.

Thirty Thirty-five centres (65%) did not offer brachytherapy boost (either as low-or high-dose rate).

Of these, 18 centres planned to do brachytherapy boost, eight did not want and nine did not reply. The main reasons for not doing brachytherapy boost were: organization constraints (three centres), refering patients to a nearby brachytherapy centre (one centre), technical issues (two centres) and lack of scientific evidences (two centres).

The mean number of trained physicians and physicists were two (range: 1 -6) and three (range:

1 -5) respectively. Twenty-two centres did the brachytherapy procedures in association with a urological surgeon.

There were four brachytherapy centres per administrative region in metropolitan France (range: from zero in Corsica to seven in Île-de-France, Midi-Pyrénées-Languedoc-Roussillon and Auvergne-Rhône-Alpes) and therefore, a rate of one brachytherapy centre per 1 200 000 inhabitants in France (range from 1/800 000 in Bretagne to 1/3 800 000 people in Pays-de-la-Loire). Regarding prostate cancer and assuming a 1:1 sex ratio, there were 2.6 prostate brachytherapy centres per administrative region (range: from zzero in Corsica to six in Île-de-France) and one prostate brachytherapy centre per 950 000 men in France (range: from 1/550 000 in Alsace-Lorraine-Champagne Ardennes to 1/1 850 000 in Pays-de-la-Loire).

Discussion

Brachytherapy can be considered in every localized prostate cancer as suggested by recent recommendations for boost in intermediate-and high-risk prostate cancer [START_REF] Chin | Brachytherapy for patients with prostate cancer: American Society of Clinical Oncology/Cancer Care Ontario joint guideline update[END_REF][START_REF] Spratt | American Brachytherapy Society Task Group Report: Combination of brachytherapy and external beam radiation for high-risk prostate cancer[END_REF]. Brachytherapy provides significant higher biochemical control with no significant differences in terms of toxicity except for urinary complication reported by Rodda et al. [START_REF] Rodda | ASCENDE-RT: An analysis of treatment-related morbidity for a randomized trial comparing a low-dose-rate brachytherapy boost with a dose-escalated external beam boost for high-and intermediate-risk prostate cancer[END_REF]. However, it is still pending whether this technique can be offered properly in our current health care system.

In 2012, the French national cancer registry (INCA) reported 57 000 new patients diagnosed with prostate cancer in France [START_REF]Anon. Épidémiologie des cancers -Les chiffres du cancer en France[END_REF]. Considering the actual incidence rate of prostate cancer and its future increase by 2025, 35 116 patients with prostate cancer could be treated by irradiation in 2025 [START_REF] Borras | How many new cancer patients in Europe will require radiotherapy by 2025? An ESTRO-HERO analysis[END_REF]. If we exclude patients who would have surgery as first treatment (adjuvant or salvage radiotherapy) and those treated for palliative metastatic disease, it could be estimated that between 15 000 to 20 000 would be candidates for definitive radiation therapy. If we consider that there were 1139 low-dose rate brachytherapy monotherapy for low-risk prostate cancer in 2013, we can suppose that the remaining patients would need brachytherapy boost (around 13 000 to 18 000 patients in 2025) [20]. As only 19 centres are providing brachytherapy boost, this would represent approximately 16

patients per week and per centre, with eight brachytherapies per physician and per week.

As such, it would be difficult to match the health demand and therefore, we discuss the following options to do it:

• All centres that already use brachytherapy monotherapy for prostate cancer will start the technique of brachytherapy boost (34 centres instead of 19 centres). This would reduce the number of patients/week/centre from 16 to nine, and the number of prostate brachytherapy/physician/week from eight to four. This would be a pragmatic option as low-dose rate brachytherapy technique is quite similar to the high-dose rate procedure apart from irradiation time which can be performed either intra-or postoperatively according to local organization and constraints.

• All centres start doing prostate brachytherapy boost (54 centres instead of 19 centres). This would represent six patients/week/centre and three prostate brachytherapies/physician/week. This would represent a sustainable number for physicians and physicists in their daily practice and therefore more likely applicable. However, a training of the new teams would have to be warranted first before starting brachytherapy technique.

• Increase the number of trained physicians and physicists per centre that already do prostate brachytherapy. This would enable to optimize the number of implants or dosimetries per week among the brachytherapy team as the procedure is time-consuming and would allow more flexibility, notably during peak periods or holidays.

• Combine the first and the third proposal, leading to increase the number of effective prostate brachytherapy centres and the trained teams. If we consider all centres doing prostate brachytherapy (34 centres) and one more physician/physicist per centre, this would represent two to three prostate brachytherapy procedures/physician/week which appears more realistic.

All of this can be done assuming the fact that the brachytherapy prostate team will also have access to a dedicated anaesthesiology team and sufficient operating theatres all along the week. This trend was observed in 2010 by Guedea et al. as the benefits of a dedicated room are clear with the entire brachytherapy carried out in a single session, implantation, reconstruction of catheters, dose planning and delivery while limiting patients transfer and organs mobility [START_REF] Guedea | Patterns of care for brachytherapy in Europe: updated results[END_REF]. This could be a compromise in terms of health organization to limit the number of centres practicing these highly specialized techniques so that a high-performance level is warranted.

Looking at the geographical distribution of the brachytherapy centres in France, irrespective of prostate cancer brachytherapy, it can be argued that the centres providing brachytherapy are well dispatched in every administrative region in France, except in Corsica and overseas territories where there is often no brachytherapy centre. There are several regions with only one centre (in Pays-de-la-Loire :1/3 700 000 people; Normandie: 1/3 300 000 people; Bourgogne-Franche-Comté: 1/2 800 000 people). The lack of centres doing brachytherapy has a direct impact on the number of trained physicians in France. In 2014, it was published that 82% of the young French radiation oncologists considered not to have sufficient brachytherapy training and since then, the number of effective centres has not changed, therefore limiting its development [START_REF] Fumagalli | Brachytherapy training: a survey of French radiation oncology residents[END_REF][START_REF] Hannoun-Lévi | Brachytherapy training][END_REF]. Therefore, these areas need reinforcement in terms of centres and human resources, with may be around one brachytherapy centre for 850 000 people as observed in Spain (vs. 1/1 200 000 in France) or QUARTS benchmark of 450 patients per linear accelerator per year to be a sensible objective [START_REF] Guedea | Patterns of care for brachytherapy in Europe, in Spain and Italy: comparative results[END_REF][START_REF] Rosenblatt | Radiotherapy capacity in European countries: an analysis of the Directory of Radiotherapy Centres (DIRAC) database[END_REF]. However, this figure is still far from the our actual health supply, as reported in a European study where the mean number of patients treated by brachytherapy were 138 and this is why both the number of effective centres and trained teams need to be increased [START_REF] Guedea | Patterns of care for brachytherapy in Europe: updated results[END_REF].

Another issue that needs to be optimized is how to regulate the addressing of patients towards brachytherapy centres. While referring patients to specialized centres provides reduced costs and increased physician expertise, it is noted that this could, in the meantime, induce an imbalance between capacity and demand, therefore increased waiting time and reduced access for deprived patients [START_REF] Williams | Geographical variation in radiotherapy services across the UK in 2007 and the effect of deprivation[END_REF]. Offering brachytherapy before external beam radiation therapy can be an option as it would allow a more flexible organization. This sequence of brachytherapy before external beam radiation therapy has been published for all techniques of brachytherapy retrospectively and in one randomized controlled trial with low-dose rate brachytherapy [START_REF] Sathya | Randomized trial comparing iridium implant plus external-beam radiation therapy with external-beam radiation therapy alone in node-negative locally advanced cancer of the prostate[END_REF][START_REF] Kollmeier | A comparison of the impact of isotope 125 I vs. 103 Pd on toxicity and biochemical outcome after interstitial brachytherapy and external beam radiation therapy for clinically localized prostate cancer[END_REF][START_REF] Kotecha | Clinical outcomes of high-dose-rate brachytherapy and external beam radiotherapy in the management of clinically localized prostate cancer[END_REF]. High-dose rate brachytherapy before external beam radiation therapy is actually assessed in a prospective randomized trial still in recruitment phase [START_REF] Ahmed | Timing of HDR with EBRT in localised prostate cancer, toxicity and quality of life assessment[END_REF].

Last but not least, the physicians in centres not practicing brachytherapy should refer their patients to brachytherapy centres. For cervical cancer in France where brachytherapy is a standard of care, there is no reimbursement by the social security for centres that refer their patients to brachytherapy centres. As such, this would represent a significant loss in activity and income for centres doing external beam radiation therapy alone because the prostate cancer incidence rate in

France is largely superior to the incidence rate of invasive cervical cancer (50 000/year vs. 3000/year). Therefore, a system financing both parties (non-brachytherapy and brachytherapy centres) should be considered for allowing patients to benefit from optimal treatment irrespective of their geographical to 5000 euros in the GHM (groupe homogène de maladies: homogeneous group of diseases) while it costs around 3000 to 4000 euros only for seeds order to which we need to add human resources (radiation oncologist, urologic surgeon, anaesthesiology team, nurses, etc.) and logistic cost (hospitalization, operating room, etc.) [START_REF] Anon | Online search results on aideaucodage.fr search engine with search terms[END_REF]. This is in steep contrast to the gain of brachytherapy in terms of limiting health costs shown in many studies compared to external beam radiation therapy (initial installation cost and infrastructure, maintenance and hardware, transport) [START_REF] Dutta | Time-driven activity-based cost comparison of prostate cancer brachytherapy and intensity-modulated radiation therapy[END_REF][START_REF] Vu | Cost-effectiveness of prostate boost with high-dose-rate brachytherapy versus intensity-modulated radiation therapy in the treatment of intermediate-high risk prostate cancer[END_REF]. These health costs can be further lowered with higher biochemical control and therefore, less systemic treatment and less stress caused by treatment failure [START_REF] Vu | Cost-effectiveness of prostate boost with high-dose-rate brachytherapy versus intensity-modulated radiation therapy in the treatment of intermediate-high risk prostate cancer[END_REF][START_REF] Cronin | Long-term health care costs for patients with prostate cancer: a population-wide longitudinal study in New South Wales, Australia[END_REF][START_REF] Becerra | Economic evaluation of treatments for patients with localized prostate cancer in Europe: a systematic review[END_REF] Limits of the study Few questions were asked in the form in order to obtain the highest number of replies contrary to more comprehensive forms done notably by Italian Association of Radiation Oncology (AIRO) or from the Groupe européen de curiethérapie-European Society for Therapeutic Radiology and Oncology (GEC-ESTRO) where the response rate was low (33% and 56% respectively) [START_REF] Guedea | Patterns of care for brachytherapy in Europe: updated results[END_REF][START_REF] Autorino | A national survey of AIRO (Italian Association of Radiation Oncology) brachytherapy (Interventional Radiotherapy) study group[END_REF].

The numbers exposed were extrapolated in terms of population and sex ratio and not done by exact data record. However, this still gives a healthy insight of the current health supply in France and possible areas of disinterest.

Brachytherapy cannot be offered to all prostate patients as it requires general or spinal anaesthesia and can be unsuitable for some patients, depending on the techniques used. This can be partly countered by using high-dose rate brachytherapy which has better dosimetric outcomes and less contraindication compared to low-dose rate 125I seeds (prostate volume, T3 to T4 disease, dysuria, prior transuretral resection of prostate, pubic arch) [START_REF] Hoskin | GEC/ESTRO recommendations on high dose rate afterloading brachytherapy for localised prostate cancer: an update[END_REF][START_REF] Yamada | American Brachytherapy Society consensus guidelines for high-dose-rate prostate brachytherapy[END_REF][START_REF] Vigneault | Does prostate volume has an impact on biochemical failure in patients with localized prostate cancer treated with HDR boost?[END_REF][START_REF] Skowronek | Low-dose-rate or high-dose-rate brachytherapy in treatment of prostate cancerbetween options[END_REF][START_REF] Major | Dosimetric comparison between treatment plans of patients treated with low-dose-rate vs. high-dose-rate interstitial prostate brachytherapy as monotherapy: Initial findings of a randomized clinical trial[END_REF].

This study was conducted in 2018, and questions were asked for a specific time frame (number of patients treated in 2017 and mean number of patients). Therefore, it did not represent the evolution of brachytherapy in terms of health supply throughout the years. But, in this frame, Guedea et al.

published in 2010 that there were virtually the same amount of brachytherapy centres in 2002 compared to 2010 and probably the same could be applied here while there is a decreasing trend in other countries [START_REF] Ling | Declining brachytherapy utilization for high-risk prostate cancer-Can clinical pathways reverse the trend?[END_REF].

However, as far as we know, this is the first national survey focusing on prostate brachytherapy, notably as boost in terms of health supply. This gives a meaningful experience on the possibilities and difficulties for the implementation of this technique even in a developed country with a long brachytherapy history and culture. This study also has the advantage of a high percentage of replies to the online form sent (96%) and therefore, it gives a good insight on the current health supply in France for prostate brachytherapy boost.

Conclusion

In France, the future needs for prostate cancer brachytherapy cannot be met by the existing distribution of centres and human resources. French health authorities should take actions to firstly reimburse brachytherapy boost and redefine an optimal training and organization of centres such that every patient with prostate cancer can receive the optimal treatment, irrespective of his social and geographical status. 
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 legend1 Figure legend Figure 1. Geographical distribution of prostate cancer brachytherapy centres in France. blue: university and general hospitals; red: specialised cancer centres; yellow: private institutions.

  

  -four of the 54 centres (63%) used brachytherapy procedures for prostate cancer: 32 used iodine 125 (125I) low-dose rate brachytherapy implant as monotherapy, 19 used brachytherapy boost (eight used low-dose rate; seven used high-dose rate; and four used both). In 2017, the mean number

of patients per centre treated with prostate brachytherapy was 33 with low-dose rate monotherapy (range: 5 -250), 11 with low-dose rate boost (range: 1 -50), 12 with high-dose rate boost (range: 2 -80). The mean number of prostate brachytherapy per year in these centres were 38 low-dose rate monotherapy (range: 5 -130), five low-dose rate boost (range: 1 -15), 33 high-dose rate boost (range: 2 -80).

  situation. Another measure that can be applicable is to have a flat-rate for different techniques of radiotherapy with reimbursement favouring more sophisticated techniques. Actually, brachytherapy is either not well reimbursed (low-dose rate prostate cancer brachytherapy) or not at all (high-dose rate prostate cancer brachytherapy) and this clearly limits its development and accessibility. For example, low-dose rate brachytherapy is reimbursed by the social security: 334 euros in the CCAM (classification commune des actes médicaux: common classification of medical acts) and around 4000
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