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Results

One-hundred and six patients were included. The primary tumors were mostly renal and pulmonary carcinoma (47.7% and 32.3% respectively). After a median follow up of 24.8 months, estimated 5-year RFS and 5-year CSS were 20.7% and 63.7%

respectively. In univariate analysis, tumor size (HR=3.83; p=0.04) and timing of the adrenal metastasis (synchronous vs.metachronous ; HR=0.47 ; p =0.02) were associated with RFS. In multivariate analysis, tumor size (HR = 8.28; p = 0.01) and metastasis timing (HR =18.60; p= 0.002) were the only significant factors for RFS. In univariate analysis, the renal origin of the primary tumor (HR=0.1; p<0.001) and the disease-free interval (DFI; HR=0.12; p=0.02) were associated with better CSS while positive surgical margins were associated with poorer CSS (HR=3.4; p=0.01). In multivariate analysis, the renal origin of the primary tumor (HR=0.13; p=0.03 vs pulmonary origin and HR=0.10; p=00.4 vs other origins respectively) and the DFI (HR=0.01; p=0.009) were the only prognostic factors for CSS.

Conclusion

In this multicenter study, tumor size and synchronous occurrence of the adrenal metastasis were associated with poorer RFS. Renal origin of the primary tumor and

I. Introduction

The adrenal glands are a common site of metastases from various primary malignancies. Approximately 25% of patients with cancer are found at autopsy to have metastases to their adrenal glands.( 1) Despite a low level of evidence, especially a lack of controlled studies, adrenalectomy is now recommended in case of isolated adrenal metastasis or in patients with adrenal metastasis and oligometastatic disease [START_REF] Fassnacht | Management of adrenal incidentalomas: European Society of Endocrinology Clinical Practice Guideline in collaboration with the European Network for the Study of Adrenal Tumors[END_REF][START_REF] Gunjur | Surgical and ablative therapies for the management of adrenal 'oligometastases' -A systematic review[END_REF]. Retrospective series and literature reviews have suggested that surgical excision in this situation might be oncologically beneficial and surgically safe (4-6)

The optimal surgical approach for excision of adrenal malignancies has been a controversial topic for long. Laparoscopic adrenalectomy (LA) has recently become the gold-standard treatment of benign adrenal tumours as several series have proven its lower morbidity compared to an open approach [START_REF] Smith | Laparoscopic adrenalectomy: new gold standard[END_REF][START_REF] Gryn | Patient selection for laparoscopic excision of adrenal metastases: A multicenter cohort study[END_REF]. Although the laparoscopic approach has been largely adopted for excision of adrenal metastasis, data examining the oncological equivalence between open and laparoscopic adrenalectomies in that setting remain relatively scarce and some series have raised concerns regarding the safety of laparoscopic adrenalectomy for metastasis [START_REF] Sebag | Isolated adrenal metastasis: the role of laparoscopic surgery[END_REF][START_REF] Crenn | Carcinological results of laparoscopic adrenalectomy for adrenal metastasis[END_REF].

Another question that remain unanswered is whether adrenalectomy would be beneficial for all patients with isolated adrenal metastasis regardless of the metastasis characteristics (timing, size,…) and of the nature of the primary tumor (origin, pathology,…). Little studies, usually underpowered (retrospective monocentric), have sought prognostic factors of oncological outcomes after adrenalectomy for adrenal metastasis. The origin of the tumour and the size might be prognostics factors for survival after surgery for adrenal metastasis but data in the literature in that regard have been inconsistent and controversial [START_REF] Muth | Prognostic factors for survival after surgery for adrenal metastasis[END_REF], [START_REF] Cho | Factors related to improved clinical outcomes associated with adrenalectomy for metachronous adrenal metastases from solid primary carcinomas[END_REF].

We hypothesized that all patients may not draw the same oncological benefits from excision of adrenal metastasis. The aim of this study was to assess the prognostic factors for oncological outcomes after adrenalectomy for adrenal metastasis. 

II. Material and methods

Study design

Surgical techniques

The choice of either an open approach, a laparoscopic transperitoneal or a laparoscopic retroperitoneal approach was left to surgeon's discretion. Owing to the retrospective multicenter study design, surgical approaches and surgical techniques were not homogeneous nor standardized but followed the principles already reported in the literature [START_REF] Conzo | Minimally invasive approach for adrenal lesions: Systematic review of laparoscopic versus retroperitoneoscopic adrenalectomy and assessment of risk factors for complications[END_REF][START_REF] Buono | Laparoscopic adrenalectomy: preoperative data, surgical technique and clinical outcomes[END_REF]. The surgeon's experience was categorized as <10 adrenalectomies vs ≥ 10 adrenalectomies.

Post-operative follow up

The follow-up protocol was not standardized across all centers but generally included an outpatient visit with physical examination at 1, 3 and 6 months, every 6 months for 5 years and annually thereafter. Chest and abdominal computed tomography (CT) for 5 years and annually thereafter. Other exams were performed as per national guidelines depending upon the location of the primary tumor. The follow-up was conducted in conjunction with medical oncologists. The length of follow-up was calculated from the date of surgery to the date of last clinical follow-up. Patients lost to follow-up at the time of data collection were contacted by phone and mail, to schedule a new outpatient visit, whenever possible, with a clinical evaluation, a thorough medical history recording any new medical events from the last visit and a CT-scan if appropriate (i.e. if none had been performed over the past year) to maximize the reliability of our findings. Primary tumors were categorized as pulmonary, renal or "other primary" tumors in order to ensure that all subgroups would be adequately powered for statistical analyses. Metastases were considered as synchronous if detected within 6 months after treatment of the primary tumor. Otherwise, they were defined as metachronous.

Outcomes of interest and other variables

DFI was defined as the time period between primary tumor diagnosis and adrenal metastasis resection. Diseases were categorized as isolated (only one adrenal metastasis) or oligometastatic (other synchronous metastasis or history of previous metastasis). Complications were graded according to Clavien-Dindo classification.

The main outcomes of interest were cancer-specific survival (CSS) and recurrencefree survival (RFS). CSS was defined as the time between surgery and the date of cancer related death with patients who did not die from cancer at the date of last follow-up being censored. RFS was defined as the time period between surgery and the date of local recurrence or distant metastasis or cancer-related death, with patients alive and disease-free at the date of last follow-up being censored.

Statistical analysis

Means and standard deviations were reported for continuous variables and proportions for qualitative and categorical variables.

Comparisons between groups were performed using χ 

III. Results

Patients characteristics

One-hundred and six patients were included. 

Surgical outcomes

The surgical outcomes are presented in table 2. The mean operative time was 175.9 minutes and the mean estimated blood loss was 358.9 ml. 

Oncological outcomes

After a median follow up of 24.8 months after the adrenalectomy, 51 patients had experienced disease recurrence (48%) with a median time to recurrence was 8 months. There were 19 cancer related death with a median time to cancer-related death of 13 months. The estimated 5-year RFS and 5-year CSS rates at 5 years were 20.7% and 63.7% respectively (supplementary figure 1).

Prognostic factors for oncological outcomes

In univariate analysis, adrenal metastasis size (HR=3. In univariate analysis, the renal origin of the primary tumor (HR=0.1; p<0.001) and the DFI (HR=0.12; p=0.02). while positive surgical margins were associated with poorer CSS (HR=3.4; p=0.01) (table 4). In multivariate analysis adjusting for surgical margins status and adrenal metastasis size, the renal origin of the primary tumor (HR= 0.13; p=0.03 vs. pulmonary origin and HR=0.10; p=0.04 vs. other origins respectively) and the DFI (HR=0.01; p=0.009) were the only statistically significant prognostic factors for CSS. The CSS according to the origin of the primary tumor is displayed in figure 1.

IV. Discussion:

Retrospective series and literature reviews have shown the oncological benefit and the safety of adrenal metastasis resection whenever they are isolated or in patients with and oligometastatic disease amenable to treatment with curative intent (4-6).

However, the vast majority of these series mixed up patients with adrenal metastasis from various primary neoplasms and lacked a control group preventing to draw any definitive conclusion on the role of adrenal metastasis resection [START_REF] Cho | Factors related to improved clinical outcomes associated with adrenalectomy for metachronous adrenal metastases from solid primary carcinomas[END_REF]. One may also hypothesize that adrenalectomy might not be beneficial for all patients with isolated adrenal metastasis. Very little studies have aimed to seek prognostic factors after adrenalectomy for adrenal metastasis [START_REF] Goto | Feasibility of laparoscopic adrenalectomy for metastatic adrenal tumors in selected patients: a retrospective multicenter study of Japanese populations[END_REF][START_REF] Moreno | Adrenalectomy for solid tumor metastases: results of a multicenter European study[END_REF]. In the present study, one of the largest published so far, we found that larger and synchronous adrenal metastasis size were prognostic factors for RFS and that longer DFI and metastasis from renal carcinoma were associated with better CSS.

A few studies have highlighted that the primary tumour might influence the oncological outcomes of adrenalectomy for adrenal metastasis [START_REF] Gryn | Patient selection for laparoscopic excision of adrenal metastases: A multicenter cohort study[END_REF][START_REF] Vazquez | Adrenalectomy Improves Outcomes of Selected Patients with Metastatic Carcinoma[END_REF]. Our results reinforce those previously reported in the literature by evidencing a better prognosis in patients with metastasis from renal carcinoma [START_REF] Moreno | Adrenalectomy for solid tumor metastases: results of a multicenter European study[END_REF][START_REF] Vazquez | Adrenalectomy Improves Outcomes of Selected Patients with Metastatic Carcinoma[END_REF]. Interestingly, the origin of the primary tumor was not significantly associated with the RFS, i.e. patients with adrenal metastasis from renal carcinoma did recur as much as others but this very rarely result in cancer specific death, at least over the study period. This underscore the role of the primary tumor biology, renal carcinoma being overall much less aggressive than pulmonary carcinoma, urothelial carcinoma, colorectal carcinomas, … [START_REF] Brenner | Colorectal cancer[END_REF][START_REF] Vartolomei | Long-term oncologic and functional outcomes after robot-assisted partial nephrectomy in elderly patients[END_REF][START_REF] Woodard | Lung Cancer Staging and Prognosis[END_REF]. In view of these findings, one may postulate that the favourable outcomes observed in some of the previous series that included a large proportion of metastasis from renal carcinoma may have been heavily driven by this subgroup of patients. This further stress the need for further disease-specific assessment of adrenal metastasis resection oncological outcomes.

We also evidenced the prognostic role of the adrenal metastasis size, the DFI and the timing of adrenal metastasis occurence. Tumor size has been proven to be an important prognostic factors for many neoplasms and is assumed to reflect tumor aggressiveness [START_REF] Favini | Prognostic role of tumor size in childhood cancer[END_REF][START_REF] Kozminski | Understanding the relationship between tumor size, gland size, and disease aggressiveness in men with prostate cancer[END_REF]. The DFI and timing of adrenal metastasis occurrence have previously been reported as prognostic factors after adrenalectomy for adrenal metastasis and may also be regarded as surrogate of tumor aggressiveness [START_REF] Moreno | Adrenalectomy for solid tumor metastases: results of a multicenter European study[END_REF].

Overall our findings suggest a strong prognostic role of the biology and pattern of the primary neoplasm.

Conversely, our study questions the importance of the surgical resection quality.

Indeed, we did not find a significant association between positive surgical margins and RFS or CSS although the small incidence of positive surgical margins (21 cases) is likely to explain this result at least partly. While there have been controversies

about the oncological safety of the laparoscopic approach for adrenal metastasis for years [START_REF] Gryn | Patient selection for laparoscopic excision of adrenal metastases: A multicenter cohort study[END_REF], the surgical approach had no influence on the oncological outcomes in our study. The surgeon experience was not found to impact the oncological outcomes while a large number of studies underline the impact of the surgeon experience on the surgical outcomes for various procedures [START_REF] Alimi | Comparison of Short-Term Functional, Oncological, and Perioperative Outcomes Between Laparoscopic and Robotic Partial Nephrectomy Beyond the Learning Curve[END_REF][START_REF] Larcher | The Learning Curve for Robot-assisted Partial Nephrectomy: Impact of Surgical Experience on Perioperative Outcomes[END_REF]. Taken together, these findings suggest the prevalent prognostic importance of the primary tumor biology/aggressiveness over surgical/surgeon factors. These results further stress the need of controlled studies to better define the possible benefits of adrenal metastasis resection and to improve patients' selection.

This study has several limitations that should be acknowledged. First this is a retrospective study lacking a control group which prevents to draw any robust conclusion regarding the benefit of the adrenal metastasis resection per se. Systemic therapies that have been shown to impact prognosis in other studies were not taken into account in our series which may be regarded as a limitation [START_REF] Moreno | Adrenalectomy for solid tumor metastases: results of a multicenter European study[END_REF]. Another possible shortcoming might be the lack of centralized radiological and histopathological review to standardize tumor size evaluation and margins status.

Owing to the multicentre design as well, the surgical technique and perioperative management were not standardized which may have biased our findings. Finally, despite being one of the largest cohort reported to date, the sample size was relatively limited resulting in lack of statistical power. This prevented, for instance, to further divide out patients according to histopathological subtypes which may have helped to unmask pathological prognostic factors.

V. Conclusion

The present series is the largest to date to seek prognostic factors after adrenalectomy for adrenal metastasis. Larger tumor size and synchronous occurrence of the adrenal metastasis may significantly increase the risk of recurrence. Conversely, longer disease-free interval and renal origin of the primary tumor may decrease the risk of cancer specific death. These prognostic factors might help in patients' information and treatment decision making in the management of adrenal metastasis. 
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  multicenter retrospective chart review was conducted including all patients having undergone an adrenalectomy for suspicion of adrenal metastases from any primary neoplasm performed in seven centers between 2006 and 2016. Adrenalectomies performed as part of radical nephrectomy or for extra adrenal tumor with local extension to the adrenal gland were excluded. Patients with benign adrenal tumor on final pathology were also excluded. All patients were > 18 years old and were treated with curative intent. The study received approval of the local ethics committees. Suspicion of adrenal metastasis was defined as any adrenal mass diagnosed in a patient with any history of prior neoplasm or any coexistent neoplasm. The indications for adrenalectomy were discussed in interdisciplinary tumor boards and included suspicion of adrenal metastasis either clinically isolated or in patients with oligometastatic disease whenever all metastatic sites were amenable to treatment with curative intent. Prior to surgery all patients underwent a preoperative workup including a thoracic and abdominal contrast-enhanced computed tomography (CT scan) and endocrinologic evaluation. Fluorodeoxyglucose positron emission tomography (FDG-PET) was performed in some instances at the physician's discretion.
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