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Introduction

The humerus is the second most common site for metastasis in the peripheral skeleton and the main site in the upper limb [START_REF] Ratasvuori | Insight opinion to surgically treated metastatic bone disease: Scandinavian Sarcoma Group Skeletal Metastasis Registry report of 1195 operated skeletal metastasis[END_REF][START_REF] Wisanuyotin | Prognostic and risk factors in patients with metastatic bone disease of an upper extremity[END_REF]. Humeral metastasis (HM) follows the same treatment principles as other locations, consisting of a preventative surgical procedure that is adapted to the local mechanical environment and features of the primary cancer [START_REF] Böhm | The surgical treatment of bony metastases of the spine and limbs[END_REF][START_REF] Bauer | Controversies in the surgical management of skeletal metastases[END_REF][START_REF] Bickels | Surgical management of metastatic bone disease[END_REF][START_REF] Szymanski | Chirurgie des métastases osseuses du bassin et du squelette appendiculaire[END_REF][START_REF] Capanna | Management of long bone metastases: recommendations from the Italian Orthopaedic Society bone metastasis study group[END_REF][START_REF] Scolaro | Surgical management of metastatic long bone fractures: principles and techniques[END_REF][START_REF] Errani | Treatment for long bone metastases based on a systematic literature review[END_REF][START_REF] Szendrői | Diagnostic algorithm, prognostic factors and surgical treatment of metastatic cancer diseases of the long bones and spine[END_REF]. These HM occur in the midshaft in 42% to 61% of cases and proximal humerus in 32% to 45% of cases [START_REF] Frassica | Evaluation and treatment of metastases to the humerus[END_REF][START_REF] Bickels | Function after resection of humeral metastases: analysis of 59 consecutive patients[END_REF][START_REF] Thai | Outcome of surgical management of bony metastases to the humerus and shoulder girdle: a retrospective analysis of 93 patients[END_REF][START_REF] Wedin | Complications and survival after surgical treatment of 214 metastatic lesions of the humerus[END_REF][START_REF] Janssen | Complications after surgery for metastatic humeral lesions[END_REF]. They often present as excessively painful osteolysis or a pathological fracture that prevents any upper limb function. They are secondary to a primary cancer in the breast (17-31%), kidney (13-15%) or lung (11-24%) [START_REF] Frassica | Evaluation and treatment of metastases to the humerus[END_REF][START_REF] Bickels | Function after resection of humeral metastases: analysis of 59 consecutive patients[END_REF][START_REF] Thai | Outcome of surgical management of bony metastases to the humerus and shoulder girdle: a retrospective analysis of 93 patients[END_REF][START_REF] Wedin | Complications and survival after surgical treatment of 214 metastatic lesions of the humerus[END_REF][START_REF] Janssen | Complications after surgery for metastatic humeral lesions[END_REF]. The optimal surgical treatment is controversial [START_REF] Frassica | Evaluation and treatment of metastases to the humerus[END_REF][START_REF] Bashore | Management of metastatic lesions of the humerus[END_REF][START_REF] Janssen | Outcome of operative treatment of metastatic fractures of the humerus: a systematic review of twenty-three clinical studies[END_REF][START_REF] Janssen | Management of metastatic humeral fractures: Variations according to orthopedic subspecialty, tumor characteristics[END_REF] with the main options being intramedullary (IM) fixation [START_REF] Vandeweyer | Treatment of humeral pathological fractures by internal fixation and methylmetacrylate injection[END_REF][START_REF] Bauze | Treatment of pathological fractures of the humerus with a locked intramedullary nail[END_REF][START_REF] Atesok | Treatment of pathological humeral shaft fractures with unreamed humeral nail[END_REF][START_REF] Ofluoglu | Minimally invasive treatment of pathological fractures of the humeral shaft[END_REF][START_REF] Spencer | Locked intramedullary nailing of symptomatic metastases in the humerus[END_REF][START_REF] Pretell | Treatment of pathological humeral shaft fractures with intramedullary nailing. A retrospective study[END_REF][START_REF] Laitinen | Treatment of pathological humerus shaft fractures with intramedullary nails with or without cement fixation[END_REF][START_REF] Kim | Closed intramedullary nailing with percutaneous cement augmentation for long bone metastases[END_REF][START_REF] Park | Joint-preserving palliative surgery using self-locking screws of intramedullary nail and percutaneous cementoplasty for proximal humeral metastasis in the advanced cancer patients[END_REF], plate fixation with cementoplasty [START_REF] Dijkstra | Treatment of pathological fractures of the humeral shaft due to bone metastases: a comparison of intramedullary locking nail and plate osteosynthesis with adjunctive bone cement[END_REF][START_REF] Siegel | Pathological fractures of the proximal humerus treated with a proximal humeral locking plate and bone cement[END_REF][START_REF] Weiss | Fixation of pathological humeral fractures by the cemented plate technique[END_REF] and arthroplasty [START_REF] Eckardt | Endoprosthetic reconstructions for bone metastases[END_REF][START_REF] Park | The use of massive endoprostheses for the treatment of bone metastases[END_REF][START_REF] Henrichs | Modular tumor endoprostheses in surgical palliation of long-bone metastases: a reduction in tumor burden and a durable reconstruction[END_REF][START_REF] Scotti | Modular prostheses in the treatment of proximal humerus metastases: review of 40 cases[END_REF][START_REF] Bonnevialle | Reverse shoulder arthroplasty for malignant tumors of proximal humerus[END_REF]. The presence of a pathological fracture also drives the choice of techniques [START_REF] Sarahrudi | Surgical Treatment of Pathological Fractures of the Shaft of the Humerus[END_REF][START_REF] Piccioli | Surgical treatment of pathologic fractures of humerus[END_REF]. Interventional radiology procedures have recently competed with or supplemented these various surgical indications [START_REF] Cazzato | Percutaneous Long Bone Cementoplasty for Palliation of Malignant Lesions of the Limbs: A Systematic Review[END_REF][START_REF] Shi | Percutaneous osteoplasty for the management of a humeral head metastasis: Two case reports[END_REF]. There has also been recent progress in the mastery of primary tumors that metastasize to bone, especially kidney [START_REF] Hansen | The Scandinavian Sarcoma Group Skeletal Metastasis Register. Survival after surgery for bone metastases in the pelvis and extremities[END_REF][START_REF] Weiss | Surgery for skeletal metastases in lung cancer: complications and survival in 98 patients[END_REF][START_REF] Weiss | Skeletal metastases in 301 breast cancer patients. Patient survival and complications after surgery[END_REF][START_REF] Higuchi | Long-term patient survival after the surgical treatment of bone and soft-tissue metastases from renal cell carcinoma[END_REF][START_REF] Casadei | Humeral metastasis of renal cancer: Surgical options and review of literature[END_REF], by controlling the bone destruction with osteolysis inhibitors and/or radiation therapy [START_REF] Body | Inhibition of RANK ligand to treat bone metastases[END_REF][START_REF] Debiais | Bone targeting agents: bisphosphonates[END_REF][START_REF] Leysalle | Radiotherapy of bone metastases[END_REF].

This retrospective study of a multicenter cohort reflects the treatment of HM in France and is justified by the fact that no other French study has been published up to now. The primary objective of this work was to evaluate the functional outcomes and iatrogeny of surgical treatment of HM. The secondary objectives were to identify the technical factors that drive decision-making based on which portion of the humerus is impacted. We hypothesized that fixation and/or arthroplasty are safe (low iatrogeny) and effective options for controlling pain and improving the patients' overall upper limb function after HM.

Materials and Methods

a. Inclusion and exclusion criteria

This was a retrospective, multicenter study of patients treated between 1 January 2004 and 31 December 2016. The patients included (1) had a HM (independent of the location) and (2) had undergone surgical treatment. Patients who had hematologic malignancies or multiple myeloma were excluded. Each center collected the main demographic, clinical and radiological data preoperatively and postoperatively in a shared anonymized spreadsheet. Any incomplete records were excluded from the analysis.

b. Patients

The cohort consisted of 111 patients (112 HM cases) of which 54 were men (49%) and 57 were women (51%). The mean age was 63.7 ± 13.4 years (30-94 years; 95% CI: 56.9-70.4). Three most frequent primary cancers were breast cancer in 36 women (32% of HM cases), lung cancer (24%) in 27 patients (20 men, 7 women) and kidney cancer (22%) in 24 patients (20 men, 4 women) (Table 1).

The HM was the first sign of cancer in 62 patients (55%), especially for primary kidney cancer (15 of 24 patients, 63%). The preoperative assessment revealed the presence of visceral metastases in 39 patients (36%), other peripheral bone metastases in 65 patients (61%) and spine metastases in 53 patients (48%). Thirty-five patients had an isolated HM. Based on ASA criteria [START_REF] Saklad | Grading of patients for surgical procedures[END_REF], which was evaluated in 100 patients, 18 were level 1, 48 were level 2, 31 were level 3 and 3 were level 4. Based on WHO criteria [START_REF] Conill | Performance status assessment in cancer patients[END_REF], 6 patients were stage 0 (5%), 31 were stage 1 (28%), 63 were stage 2 (57%) and 3 were stage 3 (10%).

The surgical procedure was done with a preventative intent in 35 cases and to treat a pathological fracture in 77 cases (69%), especially in the context of primary kidney cancer (18/24 or 75% of kidney MH). The pathological fracture was the first sign of the primary cancer in 40 patients (36%); among these patients, the primary tumor was in the kidney in 11 cases, or 46% of this epidemiological subgroup.

The metastasis site was osteolytic in 106 cases (94%) and mixed (both sclerotic and lytic) in 6 cases. It is was mainly found in the epiphysis or proximal metaphysis in 39 patients (35%), in the diaphysis in 65 patients (59%) and in the epiphysis or distal metaphysis in 7 patients (6%) (Table 2).

c. Surgical techniques

Preoperatively, 21 HMs (19%) received neoadjuvant radiation therapy. Similarly, six kidney metastases underwent preventative embolization and one thyroid metastasis underwent cryotherapy.

Three types of surgical procedures were used, depending on the HM site (Table 3). IM nailing was done 77 times (69%), 6 for proximal epiphyseal HM, 17 for proximal metaphysis, 50 for diaphyseal HM, 3 for distal locations and 1 for multifocal involvement (Figure 1). Bundle pinning was done in seven cases (6%): six for diaphyseal HM and one for a proximal metaphyseal HM. Fixation with cementoplasty was performed in 10 cases. Palliative arthroplasty was performed in 16 cases (14%) (1 elbow and 15 shoulders, of which 6 for proximal epiphyseal HM, 6 for proximal metaphyseal HM and 3 for diaphyseal HM) (Figure 2). All the shoulder implants were reverse arthroplasty. Screws and plate fixation were used in 12 cases (11%), 5 times for diaphyseal HM, 4 for proximal HM, 2 for distal HM and 1 for multifocal HM (Figure 3). The mean length of hospital stay was 8.1 days (1-50).

d. Assessment methods

The overall function of the operated upper limb was graded preoperatively and postoperatively into four stages: normal function, function possible with fatigue, function possible with help of contralateral arm, no function. In parallel, the effectiveness of the surgical procedure and any additional radiation therapy was graded into three categories: pain suppressed, pain reduced, pain unchanged. This assessment was performed after the 3 rd month and/or at the best clinical outcome before deterioration due to cachexia or progression of the metastasis.

The radiographic outcomes were based on two criteria: 1) The first -independent of the surgical procedure performed -was the construct's anatomical stability, the occurrence of a mechanical complication or osteolytic metastatic progression. 2) The second was union of a pathological fracture after fixation or cortex reconstruction after preventative procedure.

e. Statistical methods

The statistical analysis was performed with SAS software (version 9.4). Quantitative variables were described by their counts, mean ± standard deviation, minimum, median and maximum values. The groups were compared using the nonparametric Kruskal-Wallis test. For the qualitative variables, the counts and percentages were calculated for each modality. The groups were compared using the nonparametric Fisher test. Survival was estimated using the Kaplan Meier method and compared between groups using a log-rank test. The significance threshold was set at p < 0.05.

Results

a. Complications

Five patients experienced a perioperative complication that did not require reoperation (lesser trochanter split upon IM nail insertion, lymphoedema, wound healing disturbance, adhesive capsulitis, hematoma). Seven patients (6%) were reoperated because of a surgical site complication: two infections after plate fixation and IM nailing, one compressive hematoma, two periprosthetic fractures (one after shoulder arthroplasty and one after elbow arthroplasty) (Figure 4). The two fractures occurred below a nailing site. Two secondary fractures were revised with screws and plate. Two instances of postoperative radial palsy were associated with two cases of nailing: one preventative and one following a diaphyseal fracture. When looked at relative to each procedure, the re-operation rate was 28% after bundle pinning (2/7), 8% after plate fixation (1/12), 6% after arthroplasty (1/16) and 4% after IM nailing (3/77).

Twelve patients (11%) had a general postoperative complication: three pneumonia, three cardiovascular conditions (arrhythmia, pericarditis, myocardial infarction), one pulmonary embolism, one upper limb phlebitis, one blood loss requiring transfusion and various other complications (urinary infection, dehydration). b. Clinical outcomes Overall, at the review, 75% of patients had normal or subnormal function of their operated upper limb, while more than 90% were pain-free or had less pain. Conversely, 5% of patients had no upper limb function and 6% had unchanged pain levels (Figure 5).

The functional outcome was not affected by the reason for surgery (presence of pathological fracture) or by the source of the metastasis. There was no significant difference between the three main surgical techniques used. After shoulder arthroplasty, the function was normal or subnormal in 13 of 14 patients (93%) and pain was eliminated in 70% of patients. After plate fixation, the function was normal or subnormal in 10 of 12 patients (83%) and pain was eliminated in 50% of cases. After IM nailing, the function was normal or subnormal in 68% of cases and pain was eliminated in 32% of cases.

The mechanical stability of the various implants was evaluated in 93 patients; 4 patients had a fixation failure and 1 had a periprosthetic fracture (5%). Bone union was evaluated in 80 patients: 52 of the fracture or prefracture sites (65%) had healed completely and 13 had healed partially (16%). There were seven instances of nonunion (9%) while seven cases had increased osteolysis without union (9%). Among the 20 preventative surgeries, 15 achieved bone union (75%) versus only 37 of the 60 confirmed fractures (62%). Information about mechanical stability and bone union was not collected in 18 patients and 16 patients, respectively, because they had died before our review point.

c. Survival

The overall survival, all causes, sites, circumstances and surgical techniques pooled, was 16.7 months (101 cases). At 1 year of follow-up, 54% of patients were still alive, versus 34% at 2 years, 22% at 3 years, 11% at 4 years and none thereafter. In a univariate analysis, the presence of a fracture had a negative impact on survival: the median survival was 28.5 months after a preventative procedure (95% CI: 9.79-33.96) and 11.3 months (95% CI: 5.12-14.27) when a pathological fracture was present (p = 0.017) (Figure 6). The presence of a contemporaneous bone metastasis of the HM or visceral metastases had no significant effect on survival. The type of primary cancer also impacted survival: the median survival was 15 months after breast cancer, 8.2 months (95% CI: 4.88-21.82) after kidney cancer and 4.26 months (95% CI: 4.08-5.61) after lung cancer (p < 0.0001) (Figure 7).

Discussion

The main findings of this study relate to its epidemiological features and the objective results. Three types of cancers -breast, lung, kidney -caused nearly 80% of the HM. Of note, the HM was the first sign of kidney cancer in a large number of cases. A pathological fracture led to the cancer diagnosis in 70% of cases. These three findings make this study comparable to three quantitatively similar studies reporting every type of surgical method and location [START_REF] Thai | Outcome of surgical management of bony metastases to the humerus and shoulder girdle: a retrospective analysis of 93 patients[END_REF][START_REF] Wedin | Complications and survival after surgical treatment of 214 metastatic lesions of the humerus[END_REF][START_REF] Janssen | Complications after surgery for metastatic humeral lesions[END_REF]; these data are presented in Tables 4 and5. The complications in this study directly related to the surgical procedure and the rate of surgical revision or its impact on the patient's overall health are similar to that of the three other studies. The clinical outcomes of the various procedures yielded functional recovery and reduction or even elimination of pain in most cases, confirming our starting hypothesis.

The limitations of our study are the retrospective data collection, which may not have been exhaustive, the subjective nature of the clinical and radiological outcome measures used (no upper limb specific scores), along with the fact that multiple surgeons were involved and the surgical indications may have varied. The large time span over which the cases were collected means that the treatment of metastasis and osteolysis likely changed over time. The limited number of cases per procedure did not allow us to do a more extensive statistical analysis due to lack of power. The strengths of our study are the large number of patients, the wide range of surgical procedures and the epidemiological focus on secondary tumors only (excluding myeloma).

In various retrospective studies like ours, the rate of pathological fractures is high, evidence of the inadequate evaluation of fracture risk from a preventative viewpoint [START_REF] Frassica | Evaluation and treatment of metastases to the humerus[END_REF][START_REF] Thai | Outcome of surgical management of bony metastases to the humerus and shoulder girdle: a retrospective analysis of 93 patients[END_REF][START_REF] Wedin | Complications and survival after surgical treatment of 214 metastatic lesions of the humerus[END_REF][START_REF] Janssen | Complications after surgery for metastatic humeral lesions[END_REF][START_REF] Bashore | Management of metastatic lesions of the humerus[END_REF][START_REF] Janssen | Outcome of operative treatment of metastatic fractures of the humerus: a systematic review of twenty-three clinical studies[END_REF][START_REF] Pretell | Treatment of pathological humeral shaft fractures with intramedullary nailing. A retrospective study[END_REF][START_REF] Laitinen | Treatment of pathological humerus shaft fractures with intramedullary nails with or without cement fixation[END_REF][START_REF] Dijkstra | Treatment of pathological fractures of the humeral shaft due to bone metastases: a comparison of intramedullary locking nail and plate osteosynthesis with adjunctive bone cement[END_REF][START_REF] Siegel | Pathological fractures of the proximal humerus treated with a proximal humeral locking plate and bone cement[END_REF][START_REF] Weiss | Fixation of pathological humeral fractures by the cemented plate technique[END_REF][START_REF] Piccioli | Surgical treatment of pathologic fractures of humerus[END_REF]. Beyond the psychological and functional impact, the occurrence of a pathological fracture is known to be a negative factor for survival, a finding supported by this study and other published studies [START_REF] Thai | Outcome of surgical management of bony metastases to the humerus and shoulder girdle: a retrospective analysis of 93 patients[END_REF][START_REF] Wedin | Complications and survival after surgical treatment of 214 metastatic lesions of the humerus[END_REF][START_REF] Janssen | Complications after surgery for metastatic humeral lesions[END_REF][START_REF] Saad | Pathologic fractures correlate with reduced survival in patients with malignant bone disease[END_REF]. The estimated fracture risk is based on the Mirels criteria [START_REF] Mirels | Metastatic Disease in Long Bones[END_REF], which was shown to be valid for the upper limb [START_REF] Evans | Mirels' Rating for Humerus Lesions is Both Reproducible and Valid[END_REF] but less useful in other locations [START_REF] Damron | Critical evaluation of Mirels' rating system for impending pathologic fractures[END_REF][START_REF] Jawad | Mirels' Classification: Metastatic Disease in Long Bones and Impending Pathologic Fracture[END_REF][START_REF] Niocaill | Inter-and intra-observer variability associated with the use of the Mirels' scoring system for metastatic bone lesions[END_REF][START_REF] Piccioli | Impending fracture: A difficult diagnosis[END_REF]. The subjective nature of the pain assessment and the osteolysis assessment on a standard radiographic view can explain this poor prediction, although it can be compensated in part by CT scan [START_REF] Janssen | Predicting pathological fracture in femoral metastases using a clinical CT scan based algorithm: a case-control study[END_REF]. In any case, this high fracture rate leading to surgery should be a concern for those involved in treating patients with HM or any other location, implying the Mirels criteria should be revised [START_REF] Piccioli | Impending fracture: A difficult diagnosis[END_REF]. Given that preventative treatment of these lesions is not aggressive enough, the surgeon must collaborate closely with specialists to discuss these cases in multidisciplinary tumor board meetings.

The survival analysis in our study is a reminder of the importance of taking into account the singularity of the metastasis within the primary cancer, along with its prognosis in the overall care. Despite medical progress, survival remains short. Patients with a breast primary cancer had an overall survival of 15 months versus 8 months in kidney cancer and 4 months in lung cancer. The orthopedic surgeon and his/her team must also evaluate the prognosis and adapt the surgical strategy, with short-term objectives of reducing pain and improving function. Or else, propose a palliative treatment, in agreement with the team and patient's family. Three different surgical procedures were performed in our patients in the same proportions as other published studies and consistent with certain typical indications: locked IM nailing is suggested for diaphyseal lesions, arthroplasty for proximal lesions and plate fixation for distal lesions [START_REF] Frassica | Evaluation and treatment of metastases to the humerus[END_REF][START_REF] Ratasvuori | Insight opinion to surgically treated metastatic bone disease: Scandinavian Sarcoma Group Skeletal Metastasis Registry report of 1195 operated skeletal metastasis[END_REF][START_REF] Wisanuyotin | Prognostic and risk factors in patients with metastatic bone disease of an upper extremity[END_REF][START_REF] Böhm | The surgical treatment of bony metastases of the spine and limbs[END_REF][START_REF] Bauer | Controversies in the surgical management of skeletal metastases[END_REF][START_REF] Bickels | Surgical management of metastatic bone disease[END_REF][START_REF] Szymanski | Chirurgie des métastases osseuses du bassin et du squelette appendiculaire[END_REF][START_REF] Capanna | Management of long bone metastases: recommendations from the Italian Orthopaedic Society bone metastasis study group[END_REF][START_REF] Scolaro | Surgical management of metastatic long bone fractures: principles and techniques[END_REF][START_REF] Errani | Treatment for long bone metastases based on a systematic literature review[END_REF][START_REF] Szendrői | Diagnostic algorithm, prognostic factors and surgical treatment of metastatic cancer diseases of the long bones and spine[END_REF][START_REF] Frassica | Evaluation and treatment of metastases to the humerus[END_REF][START_REF] Bickels | Function after resection of humeral metastases: analysis of 59 consecutive patients[END_REF][START_REF] Thai | Outcome of surgical management of bony metastases to the humerus and shoulder girdle: a retrospective analysis of 93 patients[END_REF][START_REF] Wedin | Complications and survival after surgical treatment of 214 metastatic lesions of the humerus[END_REF][START_REF] Janssen | Complications after surgery for metastatic humeral lesions[END_REF][START_REF] Bashore | Management of metastatic lesions of the humerus[END_REF][START_REF] Janssen | Outcome of operative treatment of metastatic fractures of the humerus: a systematic review of twenty-three clinical studies[END_REF][START_REF] Janssen | Management of metastatic humeral fractures: Variations according to orthopedic subspecialty, tumor characteristics[END_REF]. This study had seven cases of retrograde bundle pinning for lesions that were mainly diaphyseal. These were older cases, with four of seven done before 2011 and none as of 2016. This type of fixation is technically simple but has mechanical limitations [START_REF] Vandeweyer | Treatment of humeral pathological fractures by internal fixation and methylmetacrylate injection[END_REF]. This technique has been replaced by IM nailing since recent advances have made nail implantation reliable and reproducible. Thus, IM nailing is overwhelmingly used in diaphyseal lesions, with non-reamed and static locked implants [START_REF] Bauze | Treatment of pathological fractures of the humerus with a locked intramedullary nail[END_REF][START_REF] Atesok | Treatment of pathological humeral shaft fractures with unreamed humeral nail[END_REF][START_REF] Ofluoglu | Minimally invasive treatment of pathological fractures of the humeral shaft[END_REF][START_REF] Spencer | Locked intramedullary nailing of symptomatic metastases in the humerus[END_REF][START_REF] Pretell | Treatment of pathological humeral shaft fractures with intramedullary nailing. A retrospective study[END_REF][START_REF] Laitinen | Treatment of pathological humerus shaft fractures with intramedullary nails with or without cement fixation[END_REF]. Bauze et al. highlighted several technical points: danger of retrograde implantation, benefit of not reaming to reduce the risk of fat embolism, risk of weakening the distal humerus during repeated attempts at distal locking [START_REF] Bauze | Treatment of pathological fractures of the humerus with a locked intramedullary nail[END_REF]. Antegrade implantation is recommended despite the risk of impingement between the rotator cuff and implant. On the other hand, there is no consensus on the indication for cementoplasty concurrently with IM nailing. It is recommended by some authors [START_REF] Thai | Outcome of surgical management of bony metastases to the humerus and shoulder girdle: a retrospective analysis of 93 patients[END_REF][START_REF] Bashore | Management of metastatic lesions of the humerus[END_REF][START_REF] Bauze | Treatment of pathological fractures of the humerus with a locked intramedullary nail[END_REF][START_REF] Atesok | Treatment of pathological humeral shaft fractures with unreamed humeral nail[END_REF][START_REF] Laitinen | Treatment of pathological humerus shaft fractures with intramedullary nails with or without cement fixation[END_REF][START_REF] Kim | Closed intramedullary nailing with percutaneous cement augmentation for long bone metastases[END_REF][START_REF] Park | Joint-preserving palliative surgery using self-locking screws of intramedullary nail and percutaneous cementoplasty for proximal humeral metastasis in the advanced cancer patients[END_REF][START_REF] Piccioli | Surgical treatment of pathologic fractures of humerus[END_REF] but deemed useless by others because local tumor control is conferred to the adjuvant radiation therapy [START_REF] Ofluoglu | Minimally invasive treatment of pathological fractures of the humeral shaft[END_REF][START_REF] Pretell | Treatment of pathological humeral shaft fractures with intramedullary nailing. A retrospective study[END_REF], even though certain causes like kidney cancer demonstrate the limits of control by supplementary radiation therapy.

No study has precisely defined the anatomical limitations of the IM nailing indication, especially for the proximal metaphyseal lesions, which are the most frequent. CT scan of the remaining epiphyseal bone stock and the tubercles is an important step in the decision. In fact, there are three surgical options for this location: arthroplasty, including fracture context [START_REF] Piccioli | Surgical treatment of pathologic fractures of humerus[END_REF], locking plate fixation with direct cementoplasty to fill the osteolysis void and ensure good hold of the epiphyseal screws [START_REF] Park | Joint-preserving palliative surgery using self-locking screws of intramedullary nail and percutaneous cementoplasty for proximal humeral metastasis in the advanced cancer patients[END_REF][START_REF] Dijkstra | Treatment of pathological fractures of the humeral shaft due to bone metastases: a comparison of intramedullary locking nail and plate osteosynthesis with adjunctive bone cement[END_REF][START_REF] Siegel | Pathological fractures of the proximal humerus treated with a proximal humeral locking plate and bone cement[END_REF] and locked IM nailing with percutaneous cementoplasty [START_REF] Kim | Closed intramedullary nailing with percutaneous cement augmentation for long bone metastases[END_REF]. In the metastasis context, considerable epiphyseal or epiphysiometaphyseal osteolysis means that the hold of fixation hardware is unpredictable, which has led to the use of modular arthroplasty for fracture prevention or fracture treatment in femur and humerus [START_REF] Eckardt | Endoprosthetic reconstructions for bone metastases[END_REF][START_REF] Park | The use of massive endoprostheses for the treatment of bone metastases[END_REF][START_REF] Henrichs | Modular tumor endoprostheses in surgical palliation of long-bone metastases: a reduction in tumor burden and a durable reconstruction[END_REF]. After a retrospective analysis of 40 arthroplasty cases (reverse or anatomical implants), Scotti et al. emphasized the high frequency of glenoid complications with reversed implants and recommended instead using large volume heads if the rotator cuff is deficient or removed [START_REF] Scotti | Modular prostheses in the treatment of proximal humerus metastases: review of 40 cases[END_REF]. Piccioli et al. compared 30 arthroplasty cases to 57 IM nailing cases; the authors prefer resection with arthroplasty for metaphyseal-epiphyseal lesions and IM nailing for diaphyseal lesions [START_REF] Piccioli | Surgical treatment of pathologic fractures of humerus[END_REF]. However, neither of these two studies specify the criteria for an arthroplasty indication [START_REF] Bonnevialle | Reverse shoulder arthroplasty for malignant tumors of proximal humerus[END_REF][START_REF] Piccioli | Surgical treatment of pathologic fractures of humerus[END_REF]. In our opinion, the main criterion is tumor extension into the epiphyseal-metaphyseal bone and into the rotator cuff.

Plate fixation with cementoplasty is the least popular and least used procedure in the literature [START_REF] Dijkstra | Treatment of pathological fractures of the humeral shaft due to bone metastases: a comparison of intramedullary locking nail and plate osteosynthesis with adjunctive bone cement[END_REF][START_REF] Siegel | Pathological fractures of the proximal humerus treated with a proximal humeral locking plate and bone cement[END_REF][START_REF] Weiss | Fixation of pathological humeral fractures by the cemented plate technique[END_REF]. However, this option can be used in all humeral locations as long as there is an appreciable amount of cancellous bone in the proximal and distal epiphysis to anchor multiple screws. This method always involves cementoplasty after curettage of the osteolysis, which provides both local tumor control and immediate mechanical stability, although it increases the risk of bleeding, especially in kidney disease, which often justifies preoperative embolization. Plate fixation yields reproducible results without additional iatrogeny, especially radial palsy [START_REF] Dijkstra | Treatment of pathological fractures of the humeral shaft due to bone metastases: a comparison of intramedullary locking nail and plate osteosynthesis with adjunctive bone cement[END_REF][START_REF] Weiss | Fixation of pathological humeral fractures by the cemented plate technique[END_REF].

The clinical outcomes in all relevant published studies were evaluated against different objectives, thus making between-study comparisons difficult. Among the three main articles in this field, only Thai et al. [START_REF] Thai | Outcome of surgical management of bony metastases to the humerus and shoulder girdle: a retrospective analysis of 93 patients[END_REF] report clinical outcomes that incorporate overall functional outcomes: after IM nailing, 8% of patients still had pain and 6% had restricted function. These rates were 13% and 13% after plate fixation and 13% and 36% after arthroplasty, respectively. The clinical results after IM nailing are evaluated haphazardly in the literature: some authors do not mention it [START_REF] Bauze | Treatment of pathological fractures of the humerus with a locked intramedullary nail[END_REF][START_REF] Wedin | Complications and survival after surgical treatment of 214 metastatic lesions of the humerus[END_REF][START_REF] Janssen | Complications after surgery for metastatic humeral lesions[END_REF], others only assess pain [START_REF] Kim | Closed intramedullary nailing with percutaneous cement augmentation for long bone metastases[END_REF][START_REF] Park | Joint-preserving palliative surgery using self-locking screws of intramedullary nail and percutaneous cementoplasty for proximal humeral metastasis in the advanced cancer patients[END_REF], while others evaluate overall function and pain [START_REF] Atesok | Treatment of pathological humeral shaft fractures with unreamed humeral nail[END_REF][START_REF] Spencer | Locked intramedullary nailing of symptomatic metastases in the humerus[END_REF][START_REF] Pretell | Treatment of pathological humeral shaft fractures with intramedullary nailing. A retrospective study[END_REF]. Ofluoglu et al. were the only ones to evaluate the patients' outcome using the MSTS; it averaged 64% [START_REF] Ofluoglu | Minimally invasive treatment of pathological fractures of the humeral shaft[END_REF]. In the study by Scotti et al. [START_REF] Scotti | Modular prostheses in the treatment of proximal humerus metastases: review of 40 cases[END_REF], the mean MSTS in the 40 arthroplasty cases was 73%, and it was higher in the reverse implants than the anatomical implant cases. Piccioli et al. also found that arthroplasty led to a better MSTS score than IM nailing, especially when the deltoid muscle is preserved [START_REF] Piccioli | Surgical treatment of pathologic fractures of humerus[END_REF]. In our study, 75% of patients were able to use their operated limb normally or with some fatigue, with 90% of limbs being pain-free. This finding falls in the broad range of other published studies.

The main conclusions from this retrospective study and review of literature can be used to outline a treatment strategy for each HM location. The etiology of the metastasis -whether treating an existing fracture or preventing one -and extent of the osteolysis on CT scan must be considered. A single HM (or in the context of multiple metastases), secondary to a primary cancer in remission or under control should be discussed on a case-by-case basis. Depending on the type of primary cancer, resection surgery clearly improves the survival [START_REF] Ratasvuori | Prognostic role of en-bloc resection and late onset of bone metastasis in patients with bone-seeking carcinomas of the kidney, breast, lung, and prostate: SSG study on 672 operated skeletal metastases: Surgery of Bone Metastases[END_REF]. This point was shown in the study of HM with renal primary published by Caseidi et al [START_REF] Casadei | Humeral metastasis of renal cancer: Surgical options and review of literature[END_REF]. This specific indication requires prior planning with CT scan and MRI images, comparable to the treatment of a primary malignant tumor [START_REF] Bonnevialle | Reverse shoulder arthroplasty for malignant tumors of proximal humerus[END_REF][START_REF] Casadei | Humeral metastasis of renal cancer: Surgical options and review of literature[END_REF][START_REF] Ratasvuori | Prognostic role of en-bloc resection and late onset of bone metastasis in patients with bone-seeking carcinomas of the kidney, breast, lung, and prostate: SSG study on 672 operated skeletal metastases: Surgery of Bone Metastases[END_REF]. The type of reconstruction will depend on the tumor's exact location. Epiphyseal metastasis or proximal metaphyseal metastasis is reconstructed using a modular or sleeve implant; a diaphyseal location with an allograft stabilized with an IM nail or a massive diaphyseal implant, and an epiphyseal or distal metaphyseal location by elbow arthroplasty. In case of resection surgery for metastases, one must be careful when using sleeve-like allografts on an implant or during diaphyseal reconstruction if postoperative radiation therapy is planned, because it will cause osteolysis of the allograft.

In the context of bone and visceral metastases, the three surgical techniques have preferential indications based on the osteolysis location. Diaphyseal lesions respond to static IM nailing performed percutaneously followed by adjuvant radiation therapy which should be implemented early on since the skin incisions are small and epiphyseal when using a percutaneous technique. This technique is feasible with metaphyseal osteolysis if there is enough bone stock in the humeral head [START_REF] Park | Joint-preserving palliative surgery using self-locking screws of intramedullary nail and percutaneous cementoplasty for proximal humeral metastasis in the advanced cancer patients[END_REF]. Curettage with cementoplasty is controversial in the tumor area using a direct or percutaneous approach; the pain was less and control over local tumor recurrence was better when cementoplasty was performed with IM nailing compared to standard IM nailing [START_REF] Laitinen | Treatment of pathological humerus shaft fractures with intramedullary nails with or without cement fixation[END_REF][START_REF] Kim | Closed intramedullary nailing with percutaneous cement augmentation for long bone metastases[END_REF]. At the proximal humerus, wide resection with implant reconstruction is recommended when the bone stock in the humeral head and tubercles are very altered and the rotator cuff invaded or deficient. Implantation of a reverse arthroplasty [START_REF] Sirveaux | Reconstruction techniques after proximal humerus tumour resection[END_REF] or a large-head implant is an option depending on whether glenoid or scaphoid osteolysis is present. Distal humeral lesions are amenable to arthroplasty in cases of epiphyseal or epiphyseal-metaphyseal involvement and plate fixation with cementoplasty for cases where the lateral and medial pillars of the distal humerus are intact. These indications for treating HM based on our experience and the literature should be validated in studies with larger patient populations, preferable prospective ones.

Conclusion

Our initial hypothesis is confirmed. Our findings are consistent with those of other published studies. We recommend using static locked IM nail for mid-shaft lesions and modular arthroplasty for destructive epiphyseal or metaphyso-epiphyseal lesions. Surgical treatment of HM has met its objectives in terms of pain control and recovery of function even when the prognosis is poor in terms of survival, with an acceptable complication rate. The criteria used to evaluate the risk of fracture should be updated to allow for preventative procedures based on the aggressiveness of the primary cancer. Similarly, specific clinical and radiological monitoring criteria for this subset of patients should be developed and standardized to allow studies to compared to each other.
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