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Introduction

Uterine sarcoma is rare type of cancer that represents between 4 and 9% of malignant uterine tumours [START_REF] Angelo | Uterine sarcomas: a review[END_REF]. These tumours are classified into three groups according to their origin: endometrial stroma tumours, muscle-dependent tumours, and a combination of both. Mullerian mixed tumours and carcinosarcomas have been removed from the classification of uterine sarcomas as of 2003 [START_REF] Kobayashi | The biology of uterine sarcomas: A review and update[END_REF][START_REF] Prat | FIGO staging for uterine sarcomas[END_REF], and are currently considered endometrial carcinomas that have a high-risk of recurrence.

Given the low percentage of lymphatic dissemination, standard surgical treatment consists of total hysterectomy with bilateral adnexectomy; this is pelvic lymphadenectomy either including or excluding the aorta, as well as exploration of the abdominal cavity, which is only performed if the preoperative assessment suspects a localization at this level [START_REF] Goff | Uterine leiomyosarcoma and endometrial stromal sarcoma: lymph node metastases and sites of recurrence[END_REF][START_REF] Major | Prognostic factors in early-stage uterine sarcoma. A Gynecologic Oncology Group study[END_REF][START_REF] Pautier | Gynecologic Cancer InterGroup (GCIG) consensus review for high-grade undifferentiated sarcomas of the uterus[END_REF].

Relatively few prognostic factors have been definitively identified for uterine sarcoma. The data currently published in the literature do not give recommendations regarding adjuvant treatments to be administered; the randomized studies alone have not formally established the value of adjuvant treatment (neither for chemotherapy nor for radiotherapy), after the surgical procedure [START_REF] Omura | A randomized clinical trial of adjuvant adriamycin in uterine sarcomas: a Gynecologic Oncology Group Study[END_REF][START_REF] Reed | Phase III randomised study to evaluate the role of adjuvant pelvic radiotherapy in the treatment of uterine sarcomas stages I and II: an European Organisation for Research and Treatment of Cancer Gynaecological Cancer Group Study (protocol 55874)[END_REF].

Due to the rarity of this disease, most series (both retrospective and prospective) contain a mixture of anatomopathological types, such as leiomyosarcoma and undifferentiated sarcomas with adenosarcomas, as well as carcinosarcomas in the past.

Regarding the role of radiotherapy on local and locoregional control, most retrospective series show a benefit in terms of local and regional control in patients treated by postoperative radiotherapy [START_REF] Sampath | The role of adjuvant radiation in uterine sarcomas[END_REF][START_REF] Gadducci | Uterine leiomyosarcoma: analysis of treatment failures and survival[END_REF][START_REF] Gadducci | Endometrial stromal sarcoma: analysis of treatment failures and survival[END_REF][START_REF] Leath | A multi-institutional review of outcomes of endometrial stromal sarcoma[END_REF][START_REF] Wright | The role of radiation in improving survival for early-stage carcinosarcoma and leiomyosarcoma[END_REF][START_REF] Wong | Postoperative radiotherapy improves local control and survival in patients with uterine leiomyosarcoma[END_REF][START_REF] Brooks | Surveillance, epidemiology, and end results analysis of 2677 cases of uterine sarcoma 1989-1999[END_REF][START_REF] Livi | Uterine sarcoma: twentyseven years of experience[END_REF] . The term "local recurrence," as commonly described in the literature, has always included vaginal recurrence, nodal recurrence, and pelvic recurrence without vaginal or nodal recurrence; in our study, we describe the different recurrence sites at the pelvic level.

The objective of this study was to describe the adjuvant management modalities (radiotherapy or chemotherapy) and recurrence sites after surgery for high-grade non-metastatic uterine sarcoma at our institution from 2000 to 2015. Secondary study objectives were to identify: (i) predictive factors of pelvic and metastatic recurrence; and (ii) predictive factors of overall survival.

Patients and methods

Between January 2000 and December 2015, 50 patients, who received surgery for non-metastatic uterine sarcoma, were presented at a multidisciplinary consultation meeting to discuss adjuvant management: radiotherapy, chemotherapy or no adjuvant treatment.

The inclusion criteria for this analysis were: patients over 18 years of age, score according to the World Health Organization (WHO) of no more than 2 at diagnosis, surgery for sarcoma of the uterine body by total hysterectomy and bilateral adnexectomy (pelvic and aortic lymphadenectomies were performed according to the preoperative assessment), anatomopathological re-reading in a reference centre to confirm the diagnosis. The exclusion criteria were: low-grade endometrial stroma sarcoma, metastatic sarcoma, carcinosarcoma, sarcoma that developed in the irradiated region, history of pelvic radiotherapy, history of carcinology of less than 5 years.

For each patient, the following data were collected: date of diagnosis corresponding to the date of the biopsy or, failing that, the date of the first histological report that diagnosed sarcoma. Concerning characteristics of the surgery, the following data were collected: date of the surgery, place where it was performed, approach used, fragmentation of the excision part during the operation, pelvic and/or aortic lymphadenectomy, quality of the surgical resection, date of a possible totalizing surgery (corresponding to a second surgical time allowing total hysterectomy and bilateral adnexectomy, if not performed during the first surgery).

The following histological data (not available for all patients) was collected: maximum tumour size, grade, degree of differentiation, necrosis, mitotic index, Ki67, hormone receptors, peri-nervous sheaths, lymph emboli, cervical involvement, degree of myometrial infiltration, stage according to the International Federation of Gynaecology and Obstetrics (FIGO) 2009, lymph node status, notion of capsular rupture.

Data on adjuvant radiotherapy and adjuvant brachytherapy, including total radiation dose, and fractionation schedule were collected. For chemotherapy or adjuvant systemic treatment, the following data were collected: protocol used, number of cures achieved, and start and end dates of treatment.

The data concerning recurrence included the date of recurrence, as well as the recurrence sites.

Vaginal recurrence was clinically observed during a monitoring consultation at the clinical examination. Pelvic lymph node recurrence was defined as nodal recurrence located at the level of the lymph node region and visualized by imaging. Centropelvic recurrence is a radiologic finding and is defined as pelvic recurrence neither vaginal nor nodal recurrence. Pelvic recurrence corresponded to a vaginal and/or pelvic lymph node recurrence, and/or a centropelvic recurrence, as defined above.

Metastatic recurrence was defined as a radiological finding suggestive of distant disease or as anatomopathological finding.

The parameters assessed included overall survival, survival without recurrence, survival without metastatic recurrence, and survival without pelvic recurrence. The final endpoint was date of death or, failing that, the date of the last consultation at our centre. The population characteristics were described using standard descriptive statistical methods.

Survival curves were estimated using the Kaplan-Meier method. The prognostic factors are identified by the log-rank test and Cox hazard modelling. The significance threshold was set at 0.05. All statistical analyses were performed using R version 3.4.3 (R Core Team, Vienna, Austria).

Results

Initial patient characteristics

Clinical and surgical data are presented in Table 1.

Histological data

The distribution of patients by histologic type was as follows: 43 patients had a leiomyosarcoma, (86%), four a high-grade uterine sarcoma (8%), two a rhabdomyosarcoma (4%), and one had a liposarcoma (2%).

The average tumour size was 8.7 cm and the average mitotic index was 22 mitoses (e.t 15) per ten large fields. Hormone receptors were expressed in six cases (12%) and not expressed in four cases (8%) (data was unavailable for 40 patients [80%]). Cervical involvement was noted in three patients, myometrial infiltration in 30 patients (60%), and pelvic lymph node involvement in one patient (2%).

Lesions were stage I according to FIGO classification in 23 patients (46%), stage II in eight patients (16%), and stage III in two patients (4%); this data was not available for 17 patients (34%).

Adjuvant pelvic radiotherapy

Eighteen patients (36%) received pelvic radiotherapy treatment (three-dimensional conformal radiotherapy), with a total dose between 45 and 50.4 Gy in daily 1.8 Gy fractions, five times per week.

The treated volume corresponded to the pelvic region conventionally treated using Radiation Therapy Oncology Group (RTOG) recommendations for high-risk endometrial cancer [START_REF] Small | Consensus guidelines for delineation of clinical target volume for intensity-modulated pelvic radiotherapy in postoperative treatment of endometrial and cervical cancer[END_REF].

Adjuvant brachytherapy

Four patients (8%) received brachytherapy after adjuvant radiotherapy as a single fraction, 6.2 Gy fraction prescribed 5-mm deep from the upper third of the vagina.

Chemotherapy

Six patients received adjuvant chemotherapy (12%): three patients exclusively (7.5%), and three patients after adjuvant radiotherapy and/or brachytherapy (5.7%). Among these six patients, one had histological type other and received an IVA protocol, and five patients with leiomyosarcoma received chemotherapy consisting of doxorubicin-dacarbazine, adriblastine-ifosfamide, and cisplatin-vepeside protocols in one, three, and one patient(s), respectively.

Characteristics of failure

During the follow-up period, 39 patients had recurrence (78%). Of these 39 patients, 22 had metastatic recurrence without pelvic recurrence (58%), two had isolated pelvic recurrence, (5%) and 15 had both pelvic and metastatic recurrence (synchronous or metachronous) (378%). There was a total of 37 metastatic recurrences (74%) and 17 pelvic recurrences (34%), of which three were vaginal, three pelvic lymph node, and 12 centropelvic recurrences. Note that one patient had both pelvic and vaginal lymph node recurrence.

Monitoring and survival data

During the follow-up period, 23 patients died. The median follow-up time was 73 months and the median overall survival was 102 months (95% confidence interval [CI]: 68-not reached, in months). A total of 39 metastatic recurrences were observed within the follow-up interval. The median diseasefree survival was 23 months (95% CI: 16-50 months). For survival without metastatic recurrence, 37 metastatic recurrences were observed during the follow-up interval. The median metastatic nonrecurrence survival was 23 months (95% CI: 18-52 months). For survival without pelvic recurrence, 17 pelvic recurrences were observed within the follow-up interval. The median survival time without pelvic recurrence was 227 months (95% CI: 56-not reached, in months).

Survival

Overall survival and survival rates without pelvic recurrence are plotted in fig. 1.

The factors associated with overall survival in the univariate analysis (p<0.05) were age (p=0.032, hazard ratio [HR]=1.055) and chemotherapy (p=0.01, HR=3.25). Due to the low number of events, a multivariate analysis was not performed for overall survival.

For survival without pelvic recurrence, only adjuvant radiotherapy (p=0.005, HR=0.15) was significantly associated with survival without pelvic recurrence in the univariate analysis. Moreover, only two pelvic recurrences were observed among the 17 patients who received adjuvant radiotherapy (12%), when compared to the 16 patients out the 33 who did not receive adjuvant radiotherapy (48%).

For survival without metastatic recurrence, age was the only factor significantly associated with non-recurrence metastatic survival in the univariate analysis (p=0.021, HR=1.04).

For survival without recurrence, age (greater than 55 years vs. 55 years or under; p=0.05, HR=1.91) and adjuvant radiotherapy (p=0.041, HR=0.50) were significant factors in the univariate analysis.

In the multivariate analysis of prognostic factors, age and radiation therapy were significantly associated with metastatic-free survival (age, p=0.015, HR=2.37; radiation therapy, p=0.013, HR=0.41).

Discussion

In this study, we report adjuvant management and survival data for 50 patients who received surgery for high-grade, non-metastatic uterine sarcoma between 2000 and 2014. We identified the significant factors associated with treatment outcome and different types of survival. Notable, age was consistently a factor in the various forms of survival, as well as adjuvant treatment type (radiation therapy and chemotherapy).

Uterine sarcoma is a rare and aggressive form of uterine cancer that has a very poor prognosis, primarily due to a strong metastatic potential. Local control has always been a subject of debate because USs have always been classified as endometrial tumours with a high risk of recurrence.

The prognostic factors significantly associated with an increase in overall survival were: age (above 55 years vs. under 55 years); adjuvant chemotherapy showed a worse overall survival, probably because these patients receiving chemotherapy presented worse prognosis. Adjuvant radiotherapy was the prognostic factor in the multivariate analysis that was significantly associated with increased survival, but without pelvic recurrence (all sites combined). Prognostic factors for increased survival without metastatic recurrence included age and adjuvant radiotherapy.

While we wanted to differentiate between the three types of pelvic recurrence (regional, vaginal, and centropelvic-not lymph node or vaginal), this was not possible due to the low number of pelvic recurrences, as well as the association between radiotherapy treatment and the different sites of recurrence not being able to be established, which is we included vaginal, centropelvic and ganglion recurrences into the classification of pelvic recurrence.

Our descriptive data on the distribution between histological type, age at diagnosis for these different types, and the low lymph node-positive rates associated with the low lymph node involvement rates are consistent with the data in the literature (Table 2).

The standard treatment for uterine sarcoma is total hysterectomy with bilateral adnexectomy [START_REF] Pautier | Gynecologic Cancer InterGroup (GCIG) consensus review for high-grade undifferentiated sarcomas of the uterus[END_REF].

The role of pelvic with or without aortic lymphadenectomy is not clearly established because of the low prevalence of lymph node metastases in uterine sarcoma cases; recently, a cohort of patients from the American Cancer Database, in which more than 6000 patients were operated on for uterine leiomyosarcoma, were found to have a lymph node metastasis rate of 6-11%. Moreover, it has been reported that women with positive lymph nodes have a decreased disease-specific survival rate [START_REF] Seagle | Prognosis and treatment of uterine leiomyosarcoma: A National Cancer Database study[END_REF].

Adjuvant radiotherapy has been widely utilized to treat uterine sarcoma. The majority of retrospective studies show a benefit in terms of local/pelvic control when patients are compared to those who did not receive adjuvant therapy (Table 2).

In the series by Livi et al., after 3 years, local recurrence rates of 28%, 31%, 62%, and 76% were recorded for patients who received external beam radiotherapy plus intracavitary irradiation, external beam radiotherapy only, no adjuvant treatment, and adjuvant chemotherapy, respectively [START_REF] Livi | Uterine sarcoma: twentyseven years of experience[END_REF].

The only randomized phase III study to compare adjuvant radiotherapy to no adjuvant treatment after surgery for uterine sarcoma included leiomyosarcoma (44.2%), carcinosarcoma (41%), and a proportion of patients with endometrial sarcoma (15%) [START_REF] Reed | Phase III randomised study to evaluate the role of adjuvant pelvic radiotherapy in the treatment of uterine sarcomas stages I and II: an European Organisation for Research and Treatment of Cancer Gynaecological Cancer Group Study (protocol 55874)[END_REF]. Carcinosarcoma is the only anatomopathological type to show benefit from adjuvant radiotherapy in terms of pelvic control.

However, carcinosarcomas should be considered high-grade adenocarcinomas and not sarcomas. Adjuvant radiation therapy is not administered for leiomyosarcoma or endometrial stromal sarcomas.

One of the most important retrospective series published by Sampath et al., evaluated the effect of adjuvant radiotherapy in the postoperative management of non-metastatic uterine sarcoma and find an overall reduction of 53% of locoregional recurrences in irradiated patients compared to those who only received surgery [START_REF] Sampath | The role of adjuvant radiation in uterine sarcomas[END_REF]. Particularly in leiomyosarcomas, the decreased recurrence risk was 2-16% at five years in patients who were irradiated. The treatment volume was typically a volume that included the pelvic lymph node region and a classic centropelvic volume in external radiotherapy treatment for high-risk endometrial tumours [START_REF] Small | Consensus guidelines for delineation of clinical target volume for intensity-modulated pelvic radiotherapy in postoperative treatment of endometrial and cervical cancer[END_REF].

Most studies do not differentiate between vaginal recurrence, pelvic lymph node recurrence, and pelvic non-vaginal or lymph node recurrence.

The natural history of uterine sarcoma is characterized by a strong propensity to develop metastases, especially the pulmonary types. Adjuvant chemotherapy for uterine sarcoma was also evaluated in a phase III study. This gynaecologic oncology group study showed no benefit with adjuvant chemotherapy, either in terms of progression-free survival or local survival, in patients receiving surgery for uterine sarcoma (leiomyosarcoma and carcinosarcoma). Similarly, administration of adjuvant systemic therapy was not associated with an increase in overall survival or without metastatic recurrence in a multivariate analysis, due to the small number of patients who received adjuvant treatment [START_REF] Wolfson | A gynecologic oncology group randomized phase III trial of whole abdominal irradiation (WAI) vs. cisplatinifosfamide and mesna (CIM) as post-surgical therapy in stage I-IV carcinosarcoma (CS) of the uterus[END_REF]. Pautier et al. evaluated the impact of chemotherapy based on cisplatin, doxorubicin and ifosfamide in addition to pelvic radiotherapy in patients operated for a non-metastatic uterine sarcoma; they found an increase in progression-free survival but at the cost of increased toxicity in the chemotherapy arm with two toxic deaths [START_REF] Pautier | A randomized clinical trial of adjuvant chemotherapy with doxorubicin, ifosfamide, and cisplatin followed by radiotherapy versus radiotherapy alone in patients with localized uterine sarcomas (SARCGYN study). A study of the French Sarcoma Group[END_REF].

Currently, the decision of whether or not to perform adjuvant treatment after surgery in uterine sarcomas is linked to the presence of factors of poor prognosis such as morcellation of the surgical piece, the presence of positive lymph node, lymphovascular infiltration or positive margins. In this sense, the Memorial Sloan Kettering hospital group has developed a 5-year predictive recurrence nomogram in order to select patients for adjuvant treatment in those with the greatest locoregional risk or distant metastasis [START_REF] Zivanovic | A nomogram to predict postresection 5-year overall survival for patients with uterine leiomyosarcoma[END_REF]. For uterine sarcoma limited to the uterus, chemotherapy is not indicated [START_REF] Hensley | Adjuvant gemcitabine plus docetaxel for completely resected stages I-IV high grade uterine leiomyosarcoma: Results of a prospective study[END_REF]; it may be proposed in women with stage III and IV endometrial cancers. This is a retrospective, single-centre study that evaluated the contribution of adjuvant radiotherapy to patient survival, and is more homogeneous than most previous studies, to the extent that CS have been excluded. In addition, this is the first study to specifically address the sites of pelvic recurrence of uterine sarcoma. In our study, adjuvant radiotherapy was significantly associated with an increase in survival without local recurrence but was not associated with a benefit in terms of overall survival.

Adjuvant radiotherapy shows utility in pelvic control, but this has not been found for vaginal or lymph node control due to a lack of sufficient event; however, all lymph node and vaginal recurrences in the series have been observed in patients who have not received adjuvant radiotherapy and brachytherapy.

As with all retrospective studies, our study suffers from selection bias, in particular the selection of adjuvant treatments and surgical techniques linked to an over-representation of FIGO stage I disease. In addition, due to a limited number of patients and several missing data points, the statistical significance of the study is low. Given the prognostic role of the histological type described in the literature and confirmed in our study, and as the histological type is a significant variable in multivariate overall survival analysis, it would have been interesting to be able to stratify the different types of survival without recurrence by histological type, but the small number of events would have made the results difficult to interpret. Finally, we did not present any information regarding late toxicity and the different types of treatments.

Conclusion

Pelvic adjuvant radiotherapy decreases the rate of local vaginal recurrence. Based on our results, adjuvant radiotherapy for uterine sarcoma has benefits in terms of pelvic control. These indications will probably have to be established on the basis of personalized anatomopathological prognostic factors. However, the data from this study are insufficient to provide recommendations on the volumes to be irradiated; in particular, these data are not robust enough to suggest irradiating only the centropelvic volume without including the pelvic nodes. 
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