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Introduction

Tumor microenvironment is a key element in cancer development and progression [START_REF] Pickup | The extracellular matrix modulates the hallmarks of cancer[END_REF].

It is composed of stromal cells, immune cells infiltrating the tumor, soluble factors and extracellular matrix (ECM) proteins. The interactions between cancer cells and the ECM proteins play a crucial role in the dialogue between cancer cells and the components of the tumor microenvironment. In addition to structural proteins such as collagens, the ECM is composed of non-structural proteins, particularly the matricellular proteins [START_REF] Bornstein | Matricellular proteins: extracellular modulators of cell function[END_REF]. One of them, periostin (POSTN), has been involved in various pathological processes such as fibrosis, atherosclerosis, tumorigenesis and metastasis [START_REF] Murphy-Ullrich | Revisiting the matricellular concept[END_REF][START_REF] Gineyts | The C-Terminal Intact Forms of Periostin (iPTN) Are Surrogate Markers for Osteolytic Lesions in Experimental Breast Cancer Bone Metastasis[END_REF].

Originally termed osteoblast-specific factor 2 (5), POSTN is composed of an Nterminal cystein-rich domain (EMILIN domain), four internal homologous repeat domains (Fasciclin-like domains, FAS) and a C-terminal domain where alternative splicing generate at least 7 isoforms in humans [START_REF] Morita | Periostin Isoforms and Cardiac Remodeling After Myocardial Infarction: Is the Dispute Settled?[END_REF][START_REF] Landry | Periostin in cardiovascular disease and development: a tale of two distinct roles[END_REF]. It mediates the interactions between cells and their extracellular microenvironment by interacting, on the one hand, with cell surface receptors such as integrins [START_REF] Gillan | Periostin secreted by epithelial ovarian carcinoma is a ligand for alpha(V)beta(3) and alpha(V)beta(5) integrins and promotes cell motility[END_REF] and heparin [START_REF] Sugiura | Expression and characterization of murine osteoblast-specific factor 2 (OSF-2) in a baculovirus expression system[END_REF] through its FAS domains and, on the other hand, with ECM proteins such as collagens (type I and V) [START_REF] Norris | Periostin regulates collagen fibrillogenesis and the biomechanical properties of connective tissues[END_REF], fibronectin [START_REF] Kii | Incorporation of tenascin-C into the extracellular matrix by periostin underlies an extracellular meshwork architecture[END_REF], and Bone Morphogenetic Protein-1 (BMP-1) [START_REF] Maruhashi | Interaction between periostin and BMP-1 promotes proteolytic activation of lysyl oxidase[END_REF] through its N and C-terminal domains. In adults, POSTN is expressed in collagen-rich fibrous connective tissues subjected to mechanical stress, such as periodontal ligaments, skin, heart valves and tendons [START_REF] Merle | The multiple facets of periostin in bone metabolism[END_REF][START_REF] Bonnet | Periostin action in bone[END_REF][START_REF] Yoshiba | Association of TIMP-2 with extracellular matrix exposed to mechanical stress and its co-distribution with periostin during mouse mandible development[END_REF].

POSTN has a prominent role in cardiovascular diseases. Its over-expression has been demonstrated in animal models of hypertension leading to excessive ECM deposition, the hallmark of the vascular response to injury [START_REF] Wu | Periostin expression induced by oxidative stress contributes to myocardial fibrosis in a rat model of high salt-induced hypertension[END_REF]. It is upregulated during valve disease promoting angiogenesis and production of matrix metalloproteinases (MMPs) which in turn facilitate the infiltration of inflammatory cells expressing POSTN thereby creating a vicious circle [START_REF] Hakuno | Periostin advances atherosclerotic and rheumatic cardiac valve degeneration by inducing angiogenesis and MMP production in humans and rodents[END_REF]. POSTN is involved in the initiation and progression of diabetic cardiomyopathy [START_REF] Guan | Elevated expression of periostin in diabetic cardiomyopathy and the effect of valsartan[END_REF]. Finally, POSTN is necessary for the formation of the myocardial infarction scar [START_REF] Oka | Genetic manipulation of periostin expression reveals a role in cardiac hypertrophy and ventricular remodeling[END_REF].

More importantly, during the last decade POSTN has emerged as a key element in cancer. POSTN is over-expressed both in solid tumors (prostate, lung, pancreatic, ovarian, breast, colorectal, hepatic, bladder cancers and osteosarcoma) and in non-solid tumors (multiple myeloma, leukemia) [START_REF] Gonzalez-Gonzalez | Periostin: A Matricellular Protein With Multiple Functions in Cancer Development and Progression[END_REF] [START_REF] Terpos | High levels of periostin correlate with increased fracture rate, diffuse MRI pattern, abnormal bone remodeling and advanced disease stage in patients with newly diagnosed symptomatic multiple myeloma[END_REF][START_REF] Ma | Bone Marrow Mesenchymal Stromal Cell-Derived Periostin Promotes B-ALL Progression by Modulating CCL2 in Leukemia Cells[END_REF]. By interacting with tumor cells through integrin receptors POSTN has been associated with proliferation [START_REF] Hong | Expression of periostin in the serum of NSCLC and its function on proliferation and migration of human lung adenocarcinoma cell line (A549) in vitro[END_REF], survival [START_REF] Bao | Periostin potently promotes metastatic growth of colon cancer by augmenting cell survival via the Akt/PKB pathway[END_REF] and invasion of cancer cells even if this last point seems to be tumor cell-dependent [START_REF] Hu | Periostin promotes epithelialmesenchymal transition via the MAPK/miR-381 axis in lung cancer[END_REF][START_REF] Kim | Opposite regulation of epithelial-to-mesenchymal transition and cell invasiveness by periostin between prostate and bladder cancer cells[END_REF]. POSTN was also involved in the creation of a microenvironment conducive to metastasis [START_REF] Malanchi | Interactions between cancer stem cells and their niche govern metastatic colonization[END_REF], angiogenesis [START_REF] Shao | Acquired expression of periostin by human breast cancers promotes tumor angiogenesis through up-regulation of vascular endothelial growth factor receptor 2 expression[END_REF], resistance to treatment [START_REF] Ryner | Upregulation of Periostin and Reactive Stroma Is Associated with Primary Chemoresistance and Predicts Clinical Outcomes in Epithelial Ovarian Cancer[END_REF] and suppression of immune system [START_REF] Zhou | Periostin secreted by glioblastoma stem cells recruits M2 tumour-associated macrophages and promotes malignant growth[END_REF]. Moreover, elevated POSTN tissue expression and serum levels have been associated with a higher risk of relapse and death in cancer patients [START_REF] Gonzalez-Gonzalez | Periostin: A Matricellular Protein With Multiple Functions in Cancer Development and Progression[END_REF].

Although POSTN is involved in many pathological processes, its link with mortality in the general population is unknown. Therefore, our aim was to assess the association between baseline POSTN level and mortality, more particularly cancer and cardiovascularrelated mortality during an 8-year prospective follow-up in a cohort of older communitydwelling men. Our hypothesis is that high serum levels of POSTN are associated with a higher mortality.

Materials and methods

The STRAMBO cohort

The STRAMBO study is a single centre, prospective, cohort study designed to explore 

Mortality by cause

During the 8 years of follow-up, 168 died (20.6%). Among them, 69 deaths were due to cancer: lung [START_REF] Maruhashi | Interaction between periostin and BMP-1 promotes proteolytic activation of lysyl oxidase[END_REF], pancreas [START_REF] Norris | Periostin regulates collagen fibrillogenesis and the biomechanical properties of connective tissues[END_REF], prostate and generalized cancer of unknown origin (8 each), colon [START_REF] Takeshita | Osteoblast-specific factor 2: cloning of a putative bone adhesion protein with homology with the insect protein fasciclin I[END_REF], leukemia and esophagus (4 each), stomach (3), gliobastoma, liver, kidney, lymphoma, multiple myeloma, bone sarcoma (2 each), thyroid, urinary bladder and throat (1 each). Moreover, 55 men deceased due to cardiovascular diseases: stroke, ischaemic and heamorrhagic jointly [START_REF] Yoshiba | Association of TIMP-2 with extracellular matrix exposed to mechanical stress and its co-distribution with periostin during mouse mandible development[END_REF], heart failure [START_REF] Kii | Incorporation of tenascin-C into the extracellular matrix by periostin underlies an extracellular meshwork architecture[END_REF], sudden death probably of cardiovascular origin [START_REF] Norris | Periostin regulates collagen fibrillogenesis and the biomechanical properties of connective tissues[END_REF], myocardial infarction [START_REF] Sugiura | Expression and characterization of murine osteoblast-specific factor 2 (OSF-2) in a baculovirus expression system[END_REF], acute coronary syndrome without myocardial infraction [START_REF] Morita | Periostin Isoforms and Cardiac Remodeling After Myocardial Infarction: Is the Dispute Settled?[END_REF], pulmonary embolism and aortic aneurism (2 each). Finally, forty-four men died for other and unknown reasons. The information on the direct cause of death was obtained from a proxy or a health professional in charge of the participant. Whenever possible, we asked for a written medical confirmation.

Prevalent or prior cancer

From the initial cohort of 815 men, 107 men self-reported cancer at baseline mainly prostate (77, 73%) and colon cancers (13, 12%). The other types of cancers accounted for 15% (2 men for stomach, kidney, urinary bladder, leukemia, lymphoma and multiple myeloma and 1 man for testicle, skin, thyroid and lip).

Incident cancer

Among the 708 men without cancer at baseline, 95 men were excluded because they did not provide sufficient information on the incidence of cancer (dropout, death for "unknown causes", information only on the direct cause of death without information on comorbidities). Among the remaining 613 men, 135 had incident cancer during the followup: prostate [START_REF] Fukuda | Periostin Is a Key Niche Component for Wound Metastasis of Melanoma[END_REF], lung [START_REF] Terpos | High levels of periostin correlate with increased fracture rate, diffuse MRI pattern, abnormal bone remodeling and advanced disease stage in patients with newly diagnosed symptomatic multiple myeloma[END_REF], colon [START_REF] Maruhashi | Interaction between periostin and BMP-1 promotes proteolytic activation of lysyl oxidase[END_REF], bladder [START_REF] Landry | Periostin in cardiovascular disease and development: a tale of two distinct roles[END_REF], pancreas [START_REF] Morita | Periostin Isoforms and Cardiac Remodeling After Myocardial Infarction: Is the Dispute Settled?[END_REF], stomach [START_REF] Morita | Periostin Isoforms and Cardiac Remodeling After Myocardial Infarction: Is the Dispute Settled?[END_REF], kidney and skin (5 each), esophagus and leukemia (4 each), liver and lymphoma (3 each), thyroid, bile duct, brain tumor, multiple myeloma and throat (2 each) and larynx, melanoma, osteosarcoma and metastases of unknown origin (1 each).

Epidemiological questionnaire

Men filled an interviewer-administered questionnaire covering self-reported lifestyle and health status. Smoking was assessed as current smoker versus nonsmoker. Alcohol intake was calculated as average amount of alcohol consumed weekly. Current leisure physical activity was calculated as the amount of time spent on walking, gardening, and participating in leisure sport activity including seasonal activities. Occupational physical activity was selfreported and categorized as weak, average, high, very high. Co-morbidities (ischemic heart disease, diabetes mellitus, hypertension, prior stroke, Parkinson's disease, chronic obstructive pulmonary disease) were self-reported, classified as present or absent and not further ascertained.

POSTN assay

Blood samples were collected at the time of the recruitment. After centrifugation at 2000g for 10 min, serum samples were stored frozen at -80°C until assayed. Serum POSTN was measured in duplicate by a sandwich ELISA assay (USCN, China) using a polyclonal antibody raised against the fasciclin-1 like domain (amino acids 97-230) common to all isoforms. Microtiter plates were pre-coated with a rabbit polyclonal antibody. Serum samples or standards (recombinant fasciclin-1 like domain of POSTN) were incubated with a rabbit polyclonal biotinylated antibody for 2 hours at 37°C. The unbound material was eliminated by washing. Then, avidin conjugated to horseradish peroxidase (HRP) was added to each microplate well and incubated for 1 hour at 37°C. After a washing step, the substrate 3,3',5,5'tetramethylbenzidine (TMB) was added to the well yielding a blue color when detecting HRP.

After 15 min incubation, the reaction is stopped with the addition of a sulfuric acid solution.

The intensity of the yellow color read at 450 nm is directly proportional to the concentration of POSTN in the sample.

The intra-and inter-assay coefficients of variation were lower than 10 and 12% respectively.

The linearity of the assay was evaluated by testing four human serum samples with high levels of endogenous POSTN diluted in buffer assay to 75, 50 and 25%. The mean recovery was 83%.

Hormonal assessment

Testosterone was measured by tritiated radioimmunoassay (RIA) with diethyl-ether extraction [START_REF] Argoud | Association between sex steroid levels and bone microarchitecture in men: the STRAMBO study[END_REF]. Detection limit was 0.06 nmol/L. Inter-assay CV was 8%. Sex hormonebinding globulin (SHBG) was measured by a RIA (CISBio-International). Intra-assay CV was 4%, inter-assay CV was 5% [START_REF] Argoud | Association between sex steroid levels and bone microarchitecture in men: the STRAMBO study[END_REF]. Apparent free testosterone concentration (AFTC) was calculated [START_REF] Matsui | Effects of knee extensor muscle strength on the incidence of osteopenia and osteoporosis after 6 years[END_REF]. Serum 25-hydroxycholecalciferol (25OHD) was assessed by RIA (DiaSorin, Stillwater, USA) after acetonitrile extraction. Detection limit was 3 µg/mL. Intra-and interassay CV were 5-7% and 9-11% [START_REF] Szulc | Role of vitamin D and parathyroid hormone in the regulation of bone turnover and bone mass in men: the MINOS study[END_REF][START_REF] Rolland | Poor trabecular microarchitecture at the distal radius in older men with increased concentration of high-sensitivity Creactive protein--the STRAMBO study[END_REF]. Parathyroid hormone (PTH) was measured using a human specific two-site immunochemiluminescence assay (ELECSYS, Roche, Indianapolis, IN). Detection limit was 3 pg/mL. Intra-and inter-assay CV were <5% [START_REF] Chaitou | Association of bone microarchitecture with parathyroid hormone concentration and calcium intake in men: the STRAMBO study[END_REF]. High-sensitivity C-reactive protein (hsCRP) was measured by immunoturbidimetric latex assay (Roche Diagnostics, Mannheim, Germany). Detection limit was 0.15mg/L. Intra-and inter-assay CV were <10% [START_REF] Rolland | Poor trabecular microarchitecture at the distal radius in older men with increased concentration of high-sensitivity Creactive protein--the STRAMBO study[END_REF]. Glomerular filtration rate (GFR) was estimated with the CKDEPI equation [START_REF] Levey | A new equation to estimate glomerular filtration rate[END_REF].

Grip strength

Grip strength was measured three times by a hand dynamometer (Martin Vigorimeter; Martin GebreuderGmBH & Co, Tuttlingen, Germany) at the dominant hand. The relative grip strength was calculated as the mean of these three measures divided by (body height).

Statistical analysis

Statistical analyses were performed using the SAS 9.4 software (SAS, Cary, NC). The proportionality of the risk was verified by using Martingale's residues and Schoenfeld's residues. The competing risk for the death due to cancer compared to cardiovascular and other causes jointly was assessed using the Fine & Gray test. Men were followed up since the recruitment (baseline) to the death, dropout, or end of the 8-year follow-up. We chose the confounders on the basis of the bivariable comparisons (deceased versus survivor) and biological rationale. Those with p<0.15 in the final model were retained : age, BMI, smoking, leisure and professional physical activity, systolic blood pressure, co-morbidities at baseline (Parkinsonism, cancers, diabetes mellitus, chronic obstructive pulmonary disease), treatments at baseline (calcium channel blockers, vitamin K antagonists), grip strength, AFTC, and logtransformed hsCRP. Interactions between the variables were not significant and not retained in the final model.

Continuous variables with

Results

Description of the STRAMBO cohort (Table 1)

Among the 815 recruited men, 168 died during the 8-year follow-up (20.6%). The deceased men were older, shorter and had higher BMI compared with the survivors. They had lower leisure and professional physical activity, lower grip strength and higher prevalence of ischemic heart disease, diabetes mellitus, and Parkinson's disease. Treatments with angiotensin converting enzyme (ACE) inhibitors, diuretics and vitamin K antagonists were more frequent in the deceased men compared to the survivors. The investigated 815 men had median age of 72.3 years [IQ range: 65.7; 77.9] and median POSTN concentration of 2.07 ng/mL [IQ range: 1.68; 2.50]. The deceased men had higher levels of POSTN and hsCRP as well as lower AFTC, 25OHD and GFR compared with the survivors.

Association between POSTN levels and mortality in the total cohort

Total cohort: the POSTN was associated with all-cause mortality (Table 2A and Figure 1A)

The median follow-up to death was 58.3 months [IQ range: 33.1; 77.1]. In the fully adjusted model, all-cause mortality (n=168) increased with POSTN levels (HR=1.30 per SD, 95%CI: 1.13-1.50, p<0.001) and was higher in the highest POSTN quartile versus three lower quartiles combined (HR=1.80, 95%CI: 1.29-2.48, p<0.001).

Total cohort: the POSTN was associated with cancer mortality (Table 2B and Figure 1B)

The median follow-up to death was 50.8 months [IQ range: 26.9; 78.2]. ]. In the fully adjusted model, cancer mortality (n=69) increased with POSTN levels (HR=1.44 per SD, 95%CI: 1.16-1.78, p<0.001) and was higher in the highest POSTN quartile versus three lower quartiles combined (HR=2.49, 95%CI: 1.53-4.04, p<0.001).

After exclusion of 107 men with prevalent cancer and 29 men who died during the first 2 years of the follow-up, all-cause and cancer mortality remained higher in the highest POSTN quartile versus three quartiles combined (25 versus 15%, p<0.005 and 10 versus 5%, p<0.05, respectively). The patterns persisted in the fully adjusted model for all-cause mortality (HR=1.80, 95%CI: 1.21-2.65, p<0.005) and for cancer mortality (HR=2.12, 95%CI:

1.10-4.03, p<0.05).

Total cohort: the POSTN was not associated with cardiovascular mortality (Table 2C)

The median follow-up to death was 54.0 months [IQ range: 34.7; 74.0]. The link between cardiovascular mortality (n=55) and POSTN quartiles was not significant in the unadjusted (p=0.28) or fully adjusted models for the continuous variable and for quartiles.

Additionally, when men reporting ischemic heart diseases at baseline were excluded, POSTN was associated with higher cardiovascular mortality (HR= 1.71 per SD, 95%CI: 1.22-2.39, p<0.005). Cardiovascular mortality risk increased across the quartiles of POSTN (p for trend <0.05) and was higher in the highest versus the lowest POSTN quartile (HR= 3.58; 95%CI:

1.15-11.18, p<0.05).

Total cohort: the POSTN was not associated with non cancer-non cardiovasular mortality (Table 2D)

The median follow-up to death was 67.9 months [IQ range: 52.6; 83.8]. The mortality for other and unknown causes (non-cancer-non-cardiovascular) (n=44) was not associated with POSTN levels in the unadjusted (p=0.94) nor in the multivariable models regardless of the statistical approach.

Association between POSTN levels and mortality in men with prevalent or prior cancer

Prevalent or prior cancer: the POSTN was associated with all-cause mortality (Table 3A)

The median follow-up to death was 52.3 months [IQ range: 23.2; 67.8]. Among these 107 men, 27 died with 16 deaths due to cancer. All-cause mortality increased across the POSTN quartiles (p<0.05). In the fully adjusted model, higher serum POSTN was associated with higher mortality (HR=1.93 per SD, 95%CI: 1.30-2.87, p<0.005). The mortality increased across the quartiles (p for trend <0.01) and was higher in the highest versus the lowest POSTN quartile (HR= 5.26, 95%CI: 1.13-24.46, p<0.05).

Prevalent or prior cancer: the POSTN was associated with cancer mortality (Table 3B)

The median follow-up to death due to cancer (n=16) was 28. 

Association between POSTN levels and mortality in men with incident cancer

Descriptive analysis (Table 4)

Among the 708 men without cancer at baseline, 95 men were excluded because they did not provide sufficient information on the incidence of cancer (dropout, death for unknown causes, information on the direct cause of death without information on the underlying disease). In comparison with the 613 men retained in the analysis, the 95 excluded men were older. After adjustment for age, they had lower leisure physical activity, higher occupational activity, more often self-reported ischemic heart disease and diabetes mellitus as well as treatment with statins, ACE inhibitors, calcium channel blockers, diuretics and vitamin K antagonists. They had lower grip strength, testosterone levels and GFR, but higher AAC severity as well as PTH and hsCRP levels.

Incident cancer: the POSTN was not associated with the risk of cancer (Table 5A)

Among 613 men, 135 had incident cancers. After adjustment for confounders, POSTN concentrations were not associated with the risk of cancer regardless of the statistical approach, e.g. HR=1.16 per SD, 95%CI: 0.89-1.46, p=0.21.

Incident cancer: the POSTN was associated with all-cause mortality (Table 5B)

Among the 613 men in this analysis, 64 died from all causes. The median follow-up to death was 55.0 months [IQ range: 37.7; 79.9]. High serum POSTN was associated with higher all-cause mortality in the fully adjusted model (HR=1.36 per SD, 95%CI: 1.10-1.69, p<0.005). In a similar model, all-cause mortality was higher in the highest POSTN quartile versus three lower quartiles combined: HR=2.68, 95%CI: 1.56-4.61, p<0.001.

Incident cancer: the POSTN was associated with cancer mortality (Table 5C and Figure 1C)

Among the 135 men with incident cancer, 53 died due to cancer (7 due to the prostate cancer). The median follow-up to death was 28.6 months [IQ range: 18.3; 43.5]. In the fully adjusted model, cancer mortality increased with POSTN levels (HR=1.40 per SD, 95%CI:

1.12-1.76, p<0.005) and was nearly threefold higher in men having elevated POSTN concentration (e.g., highest quartile versus three lower quartiles combined: HR=2.78, 95%CI:

1.57-4.93, p<0.001).

Incident cancer: the POSTN was associated with prostate cancer mortality (Table 5D and

Figure 1D)

The median follow-up to the diagnosis is 44.1 months [IQ range: 21.7-63.5]. POSTN concentrations were not associated with the risk of prostate cancer after adjustment for the confounders: HR=1.20 per SD, 95% CI=0.80-1.79, p=0.38. During the follow-up, 7 men of 45 died (median follow-up to death 27 months). The mortality increased across the increasing quartiles of POSTN (0%, 0%, 8% and 60%, p<0.001) and was higher in the highest quartile versus the three lower quartiles combined (HR=47.39 per SD, 95%CI: 3.76-597.83, p<0.005).

Discussion

In a cohort of older men followed up prospectively, high serum POSTN levels are associated with higher cancer mortality after adjustment for the relevant confounders. This association has been found in men both with prior and in those with incident cancers.

In the entire cohort and in men with prior cancer, all-cause and cancer mortality increased with the increasing POSTN concentrations. These results are in line with previous studies in cancer patients, particularly for prostate and colon cancers that represented 85% of the prevalent cancers self-reported at the recruitment. Ben et al, found that serum POSTN levels were significantly higher in colorectal cancer patients compared to healthy controls [START_REF] Ben | Circulating levels of periostin may help identify patients with more aggressive colorectal cancer[END_REF]. Moreover, the mean survival time in the group with elevated POSTN was shorter than in those with normal POSTN levels [START_REF] Ben | Circulating levels of periostin may help identify patients with more aggressive colorectal cancer[END_REF]. In patients with colorectal and prostate cancer, POSTN expression assessed by immunohistochemistry showed the same trend, i.e., the higher the POSTN expression, the shorter the survival [START_REF] Oh | Overexpression of POSTN in Tumor Stroma Is a Poor Prognostic Indicator of Colorectal Cancer[END_REF][START_REF] Nuzzo | Prognostic value of stromal and epithelial periostin expression in human prostate cancer: correlation with clinical pathological features and the risk of biochemical relapse or death[END_REF]. Higher expression of POSTN evaluated at the gene and protein levels was also associated with poorer survival in patients with renal cancer [START_REF] Morra | Relevance of periostin splice variants in renal cell carcinoma[END_REF]. By contrast, the results obtained with bladder cancer are discordant [START_REF] Kim | Role of alternative splicing of periostin in human bladder carcinogenesis[END_REF][START_REF] Silvers | Identification of extracellular vesicle-borne periostin as a feature of muscle-invasive bladder cancer[END_REF].

Moreover, in early breast cancer, serum levels of POSTN were not associated with all-cause and breast cancer-specific mortality but increased baseline serum levels predicted worse longterm survival outcomes in specific subgroups of patients [START_REF] Nuzzo | Prognostic Value of Preoperative Serum Levels of Periostin (PN) in Early Breast Cancer (BCa)[END_REF]. Overall, despite limited statistical power, our results reinforce the hypothesis that high POSTN concentrations are associated with more aggressive tumor behavior and poorer prognosis.

In men with incident cancer, the serum POSTN concentrations were associated with cancer mortality, but not cancer risk, suggesting that high POSTN levels are an aggravating factor, but not related to the occurrence of cancer. This result is in agreement with previous data associating high expression of POSTN with acquisition of many hallmarks of cancer.

It plays a crucial role in producing a tumor-receptive extracellular matrix by modulating collagen cross-linking [START_REF] Bonnans | Remodelling the extracellular matrix in development and disease[END_REF]. It is associated with the epithelial-mesenchymal transition even if this effect seems to be tumor cell-dependent [START_REF] Hu | Periostin promotes epithelialmesenchymal transition via the MAPK/miR-381 axis in lung cancer[END_REF][START_REF] Kim | Opposite regulation of epithelial-to-mesenchymal transition and cell invasiveness by periostin between prostate and bladder cancer cells[END_REF]. POSTN is a key factor involved in the creation of a microenvironment conducive to metastasis [START_REF] Malanchi | Interactions between cancer stem cells and their niche govern metastatic colonization[END_REF][START_REF] Fukuda | Periostin Is a Key Niche Component for Wound Metastasis of Melanoma[END_REF]. Enhanced expression of POSTN promotes sprouting of neovasculature supporting cancer cell dissemination [START_REF] Ghajar | The perivascular niche regulates breast tumour dormancy[END_REF]. POSTN increases the resistance of cancer cells to pro-apoptotic signals [START_REF] Liu | Periostin contributes to arsenic trioxide resistance in hepatocellular carcinoma cells under hypoxia[END_REF]. Finally, POSTN recruits tumor-associated macrophages from the peripheral blood promoting glioblastoma progression [START_REF] Zhou | Periostin secreted by glioblastoma stem cells recruits M2 tumour-associated macrophages and promotes malignant growth[END_REF].

Moreover, Malanchi's results support in part the hypothesis of an aggravating role of POSTN. In mice inoculated with breast cancer cells, the POSTN deletion did not affect the tumor formation at the primary site but prevented metastatic colonization. POSTN deletion may prevent cell division and metastatic colonization in niches which are supposed to be less supportive that the environment of the primary site [START_REF] Bonnans | Remodelling the extracellular matrix in development and disease[END_REF]. Therefore, men with higher POSTN expression are more prone to aggressive cancer progression than men with low POSTN expression.

The association between POSTN levels and cardiovascular mortality was not significant. Previous studies reported up-regulation of POSTN in vascular diseases such as hypertension [START_REF] Wu | Periostin expression induced by oxidative stress contributes to myocardial fibrosis in a rat model of high salt-induced hypertension[END_REF], diabetic cardiomyopathy [START_REF] Guan | Elevated expression of periostin in diabetic cardiomyopathy and the effect of valsartan[END_REF], formation of the myocardial infarction scar [START_REF] Oka | Genetic manipulation of periostin expression reveals a role in cardiac hypertrophy and ventricular remodeling[END_REF] and vascular injury [START_REF] Hakuno | Periostin advances atherosclerotic and rheumatic cardiac valve degeneration by inducing angiogenesis and MMP production in humans and rodents[END_REF]. The POSTN expression and secretion are triggered by mechanical stress, chemokines and matrix changes via SMAD dependent transforming growth factor beta (TGF-β) signaling. In turn, POSTN activates multiple intracellular signaling pathways by these interactions with cell-surface integrins promoting a pro-fibrotic phenotype associated with heart disease and failure [START_REF] Landry | Periostin in cardiovascular disease and development: a tale of two distinct roles[END_REF]. The studies of serum POSTN in cardiovascular diseases are scarce but Wang et al observed that plasma POSTN concentrations were elevated significantly in patients with coronary artery disease compared to healthy volunteers [START_REF] Wang | Periostin gene polymorphisms, protein levels and risk of incident coronary artery disease[END_REF].

Overall, the POSTN over-expression has been previously observed mainly in chronic cardiovascular diseases. By contrast, in our study, cardiovacular deaths were mostly related to acute diseases whereas heart failure represented only 20% of the cardiovascular deaths (11 versus 55). This could explain the weak association in our study between POSTN and cardiovascular mortality. Further studies are needed to elucidate the association in the general population.

This study has strengths and limitations. This is the first study analyzing the link between POSTN and mortality in the general population for a long-term follow-up of 8 years.

The subjects are well characterized and the associations withstand multiple adjustments.

However, this is a single-center cohort composed of home-dwelling, white (98%), older men.

Our data may not be extrapolated to women and other ethnic groups. Elderly volunteers in research studies are healthier compared with population of similar age. Older and sicker men are less likely to return for the follow-up visits. This is the case for incident cancer, the men who did not return were older, had poorer health status and took more treatments versus those who returned. They may have had cancer more frequently so our findings may be underestimated. Information on cancer at baseline was limited to self-report (even if the interviewer asked more detailed questions to better characterize possible cancer). Despite these precautions, we cannot rule out the possibility that a small number of men had cancer at baseline. The association between POSTN level and the risk or the mortality of a specific cancer could not be analyzed in this study (except for prostate cancer) due to the small sample size. However, given the small numbers of subjects in this group, the model was unstable and very sensitive to the confounders even non-significant ones. Finally, we measured total POSTN however, serum POSTN is a complex family of proteins differing according to their molecular weights and isoelectric points (4). Of note, previous studies analyzing POSTN isoforms or POSTN gene haplotypes have suggested that their specific detection could be more relevant for the evaluation of the links between POSTN and cancer or cardiovascular diseases [START_REF] Shimazaki | Periostin is essential for cardiac healing after acute myocardial infarction[END_REF][START_REF] Forsti | Polymorphisms in the KDR and POSTN genes: association with breast cancer susceptibility and prognosis[END_REF][START_REF] Morra | Characterization of periostin isoform pattern in non-small cell lung cancer[END_REF].

Conclusions

Our study shows the association of high serum POSTN with higher mortality, mainly cancer mortality, but not with cancer risk in older home-dwelling men. Such findings may be clinically important. A high level of serum POSTN could be recognized as a risk factor for aggressive cancer and included in the indications for choice of a more effective treatment strategy. Additional studies are needed to investigate the association between serum POSTN and cancer risk. These studies should include second generation POSTN assays measuring specific forms and/or polymorphisms [START_REF] Gineyts | The C-Terminal Intact Forms of Periostin (iPTN) Are Surrogate Markers for Osteolytic Lesions in Experimental Breast Cancer Bone Metastasis[END_REF][START_REF] Bonnet | Serum Levels of a Cathepsin-K Generated Periostin Fragment Predict Incident Low-Trauma Fractures in Postmenopausal Women Independently of BMD and FRAX[END_REF] in order to evaluate whether these new measurements are more accurate for the evaluation of cancer or cardiovascular risk and mortality.

Legends Table 1.

Description of the STRAMBO cohort (815 men aged 60 to 88 who had valid measurements of POSTN at baseline and at least one information on the life status during the follow-up) Table 2.

Association between serum POSTN levels at baseline and all-cause (2A), cancer (2B), cardiovascular (2C) and non cancer non cardiovascular mortality (2D) in the total cohort [HR (CI): HR = Hazard Ratio; CI = Confidence Interval; SD = standard deviation].

Table 3.

Association between serum POSTN levels at baseline and all-cause (3A), cancer (3B) mortality in the men with prevalent or prior cancers [HR (CI): HR = Hazard Ratio; CI = Confidence Interval; SD = standard deviation].

Table 4.

Description of the included and excluded groups for the incident cancer Table 5.

Association between serum POSTN levels at baseline and the risk of incident cancer (5A) and all-cause (5B), cancer (5C) and prostate cancer risk (5D) in the men with incident cancers Kaplan-Meier analysis of mortality in the total cohort (2A all-cause mortality and 2B cancer mortality), in the men with incident cancers (2C) and in men with prostate cancer (2D) according to the quartiles of POSTN at baseline. Patients with high POSTN levels (Q4, thick solid line) showed significantly lower survival rates than patients with POSTN levels in the three others quartiles Q1 (thin solid line), Q2 (dashed line) and Q3 (dotted line) or Q1-Q3 (thick solid line).
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  the fracture prediction by bone microarchitecture in men. It is carried out as collaboration between National Institute of Health and Medical Research (INSERM) and a health insurance company: Mutuelle des Travailleurs de la Region Lyonnaise (MTRL). The cohort was recruited in 2006-2008 from the MTRL lists in Greater Lyon. Invitations were sent to a randomly selected sample of men. The study was accepted by the local ethics committee and performed according to the Helsinki declaration of 1975 and 1983. All men able to give informed consent, to answer the questions, and to participate in the diagnostic tests were included. Overall, 1169 men aged from 20 to 87 years provided informed consent and underwent diagnostic tests. This an alysis was made on 815 men aged 60 years and over who were followed prospectively for 8 years (Supplementary

  Gaussian distribution are presented as mean and standard deviation (SD), those with skewed distribution as median and interquartile (IQ) range and class variables as number and percentage. Unadjusted analyses were performed by analysis of variance for variables with Gaussian distribution and Kruskal-Wallis test for skewed variables. Analysis of covariance was used for age-adjusted tests. For class variables, unadjusted and age-adjusted analyses were performed by chi-square test and Cochran-Mantel-Haenszel test. The link of POSTN level with the risk of death was assessed by Cox' model.

  7 months [IQ range: 19.7; 61.2]. Cancer mortality increased across the POSTN quartiles (p<0.05). In the fully adjusted model, cancer mortality increased with POSTN levels (HR=2.07 per SD, 95%CI: 1.23-3.47, p<0.01) and across the POSTN quartiles (p<0.05).

[

  HR (CI): HR = Hazard Ratio; CI = Confidence Interval; SD = standard deviation].
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Q4 Table 1 .

 Q41 

	Treatments				
	Statins	25%	32%	<0.05	0.06
	Angiotensin receptor antagonists Angiotensin convertase inhibitors Beta-blockers	Survivors (n = 647) 16% 10% 15%	Deceased (n = 168) 23% 28% 17%	p <0.05 <0.001 0.48	0.25 p adjusted <0.001 for age 0.40
	Age (years)	71 ± 7	77 ± 7	<0.001	
	Weight (kg) Diuretics	78 ± 11 22%	79 ± 12 35%	0.27 <0.001	<0.05 <0.05
	Height (cm) Vitamin K antagonists	169 ± 7 3.7%	167 ± 6 14.3%	<0.01 <0.001	0.77 <0.001
	BMI (kg/m 2 ) Fibrates	27.5 ± 3.5 5.7%	28.3 ± 3.8 5.4%	<0.01 0.86	<0.05 0.96
	Lifestyle Vitamin D supplementation	3%	6%	0.06	0.23
	Smoking : current Biological measurements	6%	6%	0.28	0.19
	former Periostin (µg/mL)	61% 2.09 ± 0.61	67% 2.31 ± 0.75	<0.001	<0.001
	never Testosterone (nmol/L)	33% 12.0 ± 5.1	37% 10.9 ± 6.0	<0.05	0.06
	Alcohol intake (g/week) Sex hormone-binding globulin (nmol/L)	109 [16: 234] 42.1 ± 19.9	109 [16; 234] 47.0 ± 23.9	0.31 <0.005	0.42 0.66
	Calcium intake (mg/d) Apparent free testosterone (pmol/L)	766 ± 246 249 ± 91	760 ± 234 211 ± 97	0.68 <0.001	<0.05
	Leisure physical activity (h/week) 25-hydroxycholecalciferol (ng/mL)	7 [4; 10] 23 ± 10	5 [3; 8] 19 ± 10	<0.001 <0.001	<0.005 <0.05
	Professional physical activity: weak Parathyroid hormone (pg/mL)	23% 43 [34; 55]	13% 51 [34; 68]	<0.001 <0.001	<0.005 0.17
	moderate High sensitivity C-reactive protein (ng/mL)	31% 1.52 [0.81; 2.97]	26% 2.21 [1.23; 4.40]	<0.001	<0.005
	heavy Glomerular filtration rate (mL/min)	28% 72.3 ± 14.7	30% 64.3 ± 16.4	<0.001	<0.05
	very heavy	18%	31%		
	Health status				
	Ischemic heart disease	13%	25%	<0.001	<0.05
	Systolic blood pressure (mmHg)	134 ± 16	136 ± 15	0.18	0.95
	Diastolic blood pressure (mmHg)	77 ± 10	74 ± 11	<0.001	<0.05
	Prior stroke	4%	5%	0.46	0.98
	Diabetes mellitus	8%	25%	<0.001	<0.001
	Parkinsonism	1%	5%	<0.005	<0.05
	Neoplasm	12%	16%	0.18	0.47
	Chronic obstructive pulmonary disease	5.6%	8.9%	0.11	0.25
	Grip strength (kPa)	71.7 ± 16.4	60.0 ± 17.1	<0.001	<0.001
	Abdominal aortic calcification score	1 [0; 3]	2 [0;7]	<0.001	<0.05

Table 2 .
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	Model 1 : Adjusted for age
	Model 2 : Adjusted for age, BMI, lifestyle (smoking, leisure and professional physical activity)
	Model 3 : Adjusted for age, BMI, lifestyle, co-morbidities, treatments at baseline (systolic blood pressure, pharmacologically treated diabetes
	mellitus, pharmacologically treated chronic obstructive pulmonary disease, Parkinsonism, neoplasms, calcium channel blockers, vitamin K
	antagonists) and other measurements (apparent free testosterone, high sensitivity C-reactive protein, grip strength)
	2A-

Periostin and all-cause mortality in the total cohort

  

		Number of men (%)	Model 1	Model 2	Model 3
	Per SD increase		1.28 (1.12-1.47) d	1.27 (1.11-1.46) d	1.30 (1.13-1.50) d
	Q1 (<1.68 µg/mL)	33 (16%)	1.00	1.00	1.00
	Q2 (1.68-2.07 µg/mL)	35 (17%)	1.10 (0.68-1.77)	1.09 (0.68-1.75)	0.96 (0.59-1.56)
	Q3 (2.07-2.49 µg/mL)	39 (19%)	1.17 (0.73-1.85)	1.23 (0.77-1.97)	1.18 (0.73-1.91)
	Q4 (>2.49 µg/mL)	61 (30%)	1.75 (1.15-2.68) b	1.78 (1.16-2.74) b	1.

87 (1.21-2.89) c

  

	2B-				
	Q1-Q3 (≤2.49 µg/mL)	107 (17%)	1.00	1.00	1.00
	Q4 (>2.49 µg/mL)	61 (30%)	1.61 (1.18-2.21) c	1.61 (1.18-2.21) c	1.80 (1.29-2.48) d
	a -p<0.05, b -p<0.01, c -p<0.005, d -p<0.001		

Periostin and cancer mortality in the total cohort

  

		Number of men (%)	Model 1	Model 2	Model 3
	Per SD increase		1.47 (1.20-1.81) d	1.47 (1.19-1.80) d	1.44 (1.16-1.78) d
	Q1 (<1.68 µg/mL)	13 (6%)	1.00	1.00	1.00
	Q2 (1.68-2.07 µg/mL)	10 (5%)	0.81 (0.36-1.85)	0.81 (0.35-1.84)	0.77 (0.33-1.75)
	Q3 (2.07-2.49 µg/mL)	17 (8%)	1.17 (0.56-2.46)	1.17 (0.55-2.46)	1.18 (0.56-2.52)
	Q4 (>2.49 µg/mL)	29 (16%)	2.44 (1.28-4.66) b	2.45 (1.28-4.68) b	2.44 (1.26-4.72) b
	Q1-Q3 (≤2.49 µg/mL)	40 (6%)	1.00	1.00	1.00
	Q4 (>2.49 µg/mL)	29 (16%)	2.45 (1.53-3.93) d	2.47 (1.54-3.96) d	2.49 (1.53-4.04) d

a -p<0.05, b -p<0.01, c -p<0.005, d -p<0.001 2C-

Periostin and cardiovascular mortality in the total cohort

  

	2D-				
		Number of men (%)	Model 1	Model 2	Model 3
	Per SD increase		1.27 (0.98-1.62)	1.29 (1.01-1.64)	1.25 (0.96-1.62)
	Q1 (<1.68 µg/mL)	10 (5%)	1.00	1.00	1.00
	Q2 (1.68-2.07 µg/mL)	15 (7%)	1.49 (0.66-3.36)	1.48 (0.66-3.32)	1.24 (0.54-2.82)
	Q3 (2.07-2.49 µg/mL)	10 (5%)	0.87 (0.35-2.13)	1.04 (0.42-2.57)	0.84 (0.33-2.13)
	Q4 (>2.49 µg/mL)	20 (9%)	1.78 (0.83-3.82)	1.89 (0.88-4.08)	1.71 (0.77-3.79)
	p for trend	0.28	0.27	0.16	0.27
	Q1-Q3 (≤2.49 µg/mL)	35 (6%)	1.00	1.00	1.00
	Q4 (>2.49 µg/mL)	20 (9%)	1.61 (0.91-2.83)	1.62 (0.92-2.85)	1.65 (0.91-3.02)
	a -p<0.05, b -p<0.01, c -p<0.005, d -p<0.001		

Periostin and non cancer non cardiovascular mortality in the total cohort

  

		Number of men (%)	Model 1	Model 2	Model 3
	Per SD increase		1.03 (0.76-1.40)	1.05 (0.78-1.42)	1.13 (0.84-1.53)
	Q1 (<1.68 µg/mL)	10 (5%)	1.00	1.00	1.00
	Q2 (1.68-2.07 µg/mL)	10 (5%)	1.20 (0.49-2.95)	1.18 (0.48-2.91)	0.98 (0.39-2.50)
	Q3 (2.07-2.49 µg/mL)	11 (6%)	1.28 (0.54-3.04)	1.45 (0.61-3.48)	1.48 (0.59-3.67)
	Q4 (>2.49 µg/mL)	13 (8%)	0.93 (0.37-2.35)	0.99 (0.39-2.49)	1.15 (0.49-2.94)
	p for trend	0.94	0.92	0.91	0.59
	a -p<0.05, b -p<0.01, c -p<0.005, d -p<0.001		

Table 3 .

 3 Model 4 : Adjusted for age, BMI, smoking habits, pharmacologically treated diabetes mellitus

3A-Periostin and all-cause mortality in men with prevalent and prior cancer

  

	3B-			
		Number of men (%)	Adjusted for age	Model 4
	Per SD increase		1.85 (1.31-2.61) d	1.93 (1.30-2.87) c
	Q1 (<1.68 µg/mL)	3 (11%)	1.00	1.00
	Q2 (1.68-2.07 µg/mL)	6 (22%)	3.22 (0.65-16.00)	2.18 (0.42-11.36)
	Q3 (2.07-2.49 µg/mL)	8 (30%)	5.03 (1.06-23.79) a	5.24 (1.24-28.43) a
	Q4 (>2.49 µg/mL)	10 (37%)	6.19 (1.36-28.28) a	5.26 (1.13-24.46) a
	p for trend	<0.05	<0.01	<0.01
	a -p<0.05, b -p<0.01, c -p<0.005, d -p<0.001		

Periostin and cancer mortality in men with prevalent and prior cancer

  -p<0.05, b -p<0.01, c -p<0.005, d -p<0.001

		Number of men (%)	Adjusted for age	Model 4
	Per SD increase		1.87 (1.24-2.85) c	2.07 (1.23-3.47) b
	Q1 (<1.68 µg/mL)	2 ( 8%)	1.00	1.00
	Q2 (1.68-2.07 µg/mL)	2 ( 8%)	1.15 (0.16-8.20)	0.73 (0.10-5.53)
	Q3 (2.07-2.49 µg/mL)	4 (17%)	2.51 (0.46-13.73)	3.13 (0.57-17.33)
	Q4 (>2.49 µg/mL)	8 (29%)	4.63 (0.98-21.84)	4.23 (0.86-20.77)
	p for trend	<0.05	<0.05	<0.05

a

Table 4 .
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	Included (n = 613)	Excluded (n = 95)	p	p adjusted for age

Table 5 . 5A-Periostin and the risk of incident cancer
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		Number of men (%)	HR (95%CI)	p
	Per SD increase		1.16 (0.89 -1.46)	0.21
	Q1 (<1.68 µg/mL)	27 (17%)	1.00	
	Q2 (1.68-2.07 µg/mL)	40 (26%)	1.79 (0.91 -3.51)	0.10
	Q3 (2.07-2.49 µg/mL)	29 (19%)	0.98 (0.50 -1.94)	0.96
	Q4 (>2.49 µg/mL)	39 (27%)	1.66 (0.89 -3.08)	0.11