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Predictors of mortality in fibrosing pulmonary sarcoidosis
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Introduction: Pulmonary fibrosing sarcoidosis is associated with increased mortality. This study was aimed to explore the prognosis value of a panel of parameters for predicting mortality. Methods: This retrospective study included 216 patients with confirmed stage 4 pulmonary sarcoidosis. Stage 4 diagnosis date served as baseline. The following information was systematically present at baseline: epidemiological characteristics; treatments; pulmonary function; composite physiologic index (CPI); systolic pulmonary artery pressure at echocardiography; pulmonary fibrosis extent, main pulmonary artery /ascending aorta diameters ratio (MPAD/AAD) and MPAD/body surface area (BSA) measured and calculated using computed tomography, Walsh's algorithm based on CPI, lung fibrosis extent and MPAD/AAD ratio, and modified Walsh's algorithm with MPAD/BSA replacing MPAD/AAD allowed to estimate good or bad prognosis profiles. The primary outcome of the study was all cause mortality and lung transplantation. The value of baseline parameters was tested as predictors of mortality using univariate and multivariate analyses.

Results: Median follow-up was 105 months. There were 41 deaths and 5 transplantations. At multivariate analysis, survival was independently predicted by several parameters including CPI, lung fibrosis extent, pulmonary hypertension at echography or MPAD/BSA ratio, Walsh's algorithm, and geographic origin. The modified Walsh's algorithm was most highly predictive.

Conclusion:

Survival was best predicted by geographic origin, lung fibrosis extent, PH at echography or MPAD/BSA ratio, as well as by various scores among them the modified Walsh's algorithm had very high predictive value thanks to MPAD/BSA ratio which accurately predicted mortality.

Introduction

A higher risk of mortality has been evidenced in sarcoidosis in several studies [START_REF] Rossides | Sarcoidosis mortality in Sweden: a population-based cohort study[END_REF][START_REF] Jamilloux | Sarcoidosis-related mortality in France: a multiple-cause-of-death analysis[END_REF][START_REF] Swigris | Sarcoidosis-related mortality in the United States from 1988 to 2007[END_REF][START_REF] Reich | Mortality of intrathoracic sarcoidosis in referral vs population-based settings: influence of stage, ethnicity, and corticosteroid therapy[END_REF][START_REF] Park | Prevalence, incidence, and mortality of sarcoidosis in Korea, 2003-2015: A nationwide population-based study[END_REF][START_REF] Gribbin | Incidence and mortality of idiopathic pulmonary fibrosis and sarcoidosis in the UK[END_REF]. An excessive mortality rate does not apply to every sarcoidosis patient but concerns a subgroup of patients with sarcoidosis so-called advanced sarcoidosis. This point has been very clearly shown in Rossides' study where mortality was increased in patients requiring sarcoidosis-specific treatment in the first 3 months while other patients had a normal survival [START_REF] Rossides | Sarcoidosis mortality in Sweden: a population-based cohort study[END_REF]. In Western studies, death was often found associated to a significantly deteriorated pulmonary function [START_REF] Baughman | Predicting respiratory failure in sarcoidosis patients[END_REF][START_REF] Nardi | Stage IV sarcoidosis: comparison of survival with the general population and causes of death[END_REF], pulmonary fibrosis [START_REF] Nardi | Stage IV sarcoidosis: comparison of survival with the general population and causes of death[END_REF], and precapillary pulmonary hypertension [START_REF] Baughman | Survival in Sarcoidosis-Associated Pulmonary Hypertension: The Importance of Hemodynamic Evaluation[END_REF][START_REF] Boucly | Management and longterm outcomes of sarcoidosis-associated pulmonary hypertension[END_REF][START_REF] Mirsaeidi | Racial difference in sarcoidosis mortality in the United States[END_REF] while cardiac sarcoidosis, particularly in Japan [START_REF] Iwai | Racial difference in cardiac sarcoidosis incidence observed at autopsy[END_REF][START_REF] Yazaki | Prognostic determinants of long-term survival in Japanese patients with cardiac sarcoidosis treated with prednisone[END_REF] plays also a role [START_REF] Zhou | Cardiac Sarcoidosis: The Impact of Age and Implanted Devices on Survival[END_REF]. The long-term use of treatments like corticosteroids, as shown in other chronic diseases like in rheumatoid arthritis [START_REF] Wasko | Prednisone Use and Risk of Mortality in Patients With Rheumatoid Arthritis: Moderation by Use of Disease-Modifying Antirheumatic Drugs[END_REF][START_REF] Del Rincón | Glucocorticoid dose thresholds associated with all-cause and cardiovascular mortality in rheumatoid arthritis[END_REF][START_REF] Movahedi | Oral glucocorticoid therapy and all-cause and cause-specific mortality in patients with rheumatoid arthritis: a retrospective cohort study[END_REF] or chronic obstructive pulmonary disease (COPD) might also increase mortality [START_REF] Schols | Dose dependent increased mortality risk in COPD patients treated with oral glucocorticoids[END_REF].

Comorbidities could also have an impact on mortality since the burden of comorbidities might be increased in sarcoidosis patients, particularly coronary artery disease, congestive heart disease, stroke, depression, diabetes and osteoporotic fractures, all conditions which per se have been associated to mortality risk [START_REF] Ungprasert | Increased Risk of Multimorbidity in Patients With Sarcoidosis: A Population-Based Cohort Study 1976 to 2013[END_REF][START_REF] Nowiński | The influence of comorbidities on mortality in sarcoidosis: a observational prospective cohort study[END_REF].

Several factors may be simultaneously present in a same sarcoidosis patient (e.g., marked pulmonary function impairment, pulmonary fibrosis, pulmonary hypertension, cardiac sarcoidosis or long-term corticosteroid treatment). Thus, there is a need for determining exact elementary factors independently predictive of mortality. This is mandatory to identify as early as possible patients with high risk pulmonary sarcoidosis. Recently, predictors of mortality in pulmonary sarcoidosis were investigated in two large cohorts from referral centre populations [START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF][START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF]. Both studies showed that an extent of pulmonary fibrosis higher than 20% on thoracic high resolution computed tomography (HRCT) and pulmonary hypertension (PH) were independent predictive factors of mortality. PH was assessed using different means -one measuring the main pulmonary artery diameter to ascending aorta diameter ratio (MPAD/AAD) [START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF], and the other right heart catheterization- [START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF]. Contradictory results were found for composite physiologic index (CPI) a weighted index of pulmonary function variables that correlates with the extent of interstitial disease on HRCT [START_REF] Wells | Idiopathic pulmonary fibrosis: a composite physiologic index derived from disease extent observed by computed tomography[END_REF]. An algorithm combining CPI and the extent of pulmonary fibrosis on HRCT and MPAD/AAD ratio ("Walsh's algorithm") [START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF] or right catheterisation [START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF] was predictive of mortality in both studies, but only in univariate analysis in Kirkil's study [START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF]. Moreover, age was predictive in multivariate analysis and being black or having stage 4 chest radiographs in univariate analysis only in the Kirkil's study [START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF].

The aim of our study was to assess, in an extra cohort made of stage 4 sarcoidosis in a tertiary centre for sarcoidosis in Greater Paris (France), the value of predicting mortality factors including those tested in Walsh's and Kirkil's studies [START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF][START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF], particularly the algorithm defined by Walsh but also some other factors like PH estimated through echocardiography, frequently used in practice, and MPAD/body surface area ratio (BSA), which has been shown a better surrogate of PH measured by right catherization in sarcoidosis [START_REF] Huitema | Pulmonary artery diameter to predict pulmonary hypertension in pulmonary sarcoidosis[END_REF] Moreover, comorbidities and treatment were also investigated. As many sarcoidosis patients with increased mortality risk have pulmonary fibrosis [START_REF] Baughman | Predicting respiratory failure in sarcoidosis patients[END_REF][START_REF] Nardi | Stage IV sarcoidosis: comparison of survival with the general population and causes of death[END_REF], the study was focused on a group of stage 4 sarcoidosis patients.

Methods

Patients

This retrospective study was conducted in Pulmonary Department of Avicenne universitary hospital. The study received institutional review board approval (CLEA-2016-036). The requirement for signed informed consent was waived according to French legislation. The database of patients admitted to the pulmonary department with confirmed stage 4 sarcoidosis was searched for the 1988-2017 period. A minor part of the patients studied had been recruited for previous studies with a different design [START_REF] Nardi | Stage IV sarcoidosis: comparison of survival with the general population and causes of death[END_REF][START_REF] Uzunhan | Chronic pulmonary aspergillosis complicating sarcoidosis[END_REF]. Diagnosis of sarcoidosis was confirmed according to the 1999 statement on sarcoidosis [START_REF]Statement on sarcoidosis. Joint Statement of the American Thoracic Society (ATS), the European Respiratory Society (ERS) and the World Association of Sarcoidosis and Other Granulomatous Disorders (WASOG) adopted by the ATS Board of Directors and by the ERS Executive Committee[END_REF] and evidence of noncaseating granulomas was required. All patients included in the study had a pulmonary function test, chest HRCT and an echocardiography with an estimation of systolic pulmonary arterial pressure available at the time of stage 4 diagnosis.

Epidemiological data and investigations at baseline

Stage 4 diagnosis date was chosen as baseline. The following information was collected at baseline: age, sex, geographical origin, body mass index (BMI), body surface area (BSA) calculated from the simplified formula of Mosteller [START_REF] Mosteller | Simplified calculation of body-surface area[END_REF] ( 2) = ( ) ( )

, the presence or not of diabetes mellitus, cardiac sarcoidosis, treatment at baseline consisting of corticosteroids (< or >10mg/day prednisone equivalent) or its combination with an immunosuppressant therapy.

Smoking status was registered as "current smoker", "ever smoker" and "never smoker".

"Ever smoker" applied when patients smoked more than one cigarette a day for more than 1 year.

The following data were also collected at baseline: forced vital capacity (FVC), forced expiratory volume in 1s (FEV1) and diffusing capacity of the lung for carbon monoxide (DLCO) were expressed as % of predicted values. We calculated the CPI with the following formula: = 91 -(0,65 × $%&'%() $&%*+')%* ,-.) -(0,53 × $%&'%() $&%*+')%* 01 ) + (0,34 × $%&'%() $&%*+')%* 0411) for every patient [START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF].

PH was defined by estimated systolic pulmonary artery pressure >35 mmHg on doppler echocardiography.

Chest radiography and HRCT were reviewed in concert by two radiologists (PYB and ML with a 15 and 3 years' experience on interstitial pneumonia imaging respectively). CT lung fibrosis extent was determined at 3 levels (upper, middle, lower part of the lungs) on both lungs according to Sumikawa [START_REF] Sumikawa | Computed tomography findings in pathological usual interstitial pneumonia: relationship to survival[END_REF]. The extent of fibrosis was rounded to the nearest 5%. Main pulmonary artery diameter (MPAD) and ascending aorta diameter (AAD) were assessed on HRCT. We also calculated MPAD/BSA ratio known to be also predictive of PH in sarcoidosis [START_REF] Huitema | Pulmonary artery diameter to predict pulmonary hypertension in pulmonary sarcoidosis[END_REF]. MPAD/AAD > 1 and MPAD/BSA>16 were used as cut-off according to previous study [START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF][START_REF] Huitema | Pulmonary artery diameter to predict pulmonary hypertension in pulmonary sarcoidosis[END_REF]. The Walsh's algorithm [START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF] was applied (Figure 1). CPI higher than 40 allowed to directly identify patients with a poor prognosis. Patients with CPI ≤ 40 were classified with a poor prognosis if they had on HRCT either MPAD/AAD>1, and/or the presence of pulmonary fibrosis >20%. All other patients were classified with a good prognosis. A "modified Walsh's algorithm" derived from Walsh's algorithm used MPAD/BSA>16 ratio instead of MPAD/AAD>1 ratio (figure 2).

Outcomes

The primary outcome was all cause mortality and lung transplantation. We calculated the survival period from baseline to the date of death or lung transplantation, or in the case of survivors to the last known contact. Vital status was known for all patients at the end of the study period.

Statistical analysis

Data were given as means (SD), medians (Q1;Q3) or as proportions expressed in percentages where appropriate. Mortality was assessed using a multivariate Cox proportional hazards model, with adjustments for age and gender (forced-in covariates).

The proportional hazards assumption was checked using statistical tests based on the scaled Schoenfeld residuals. To avoid collinearity, different models were elaborated: 

Results

Flow chart and population characteristics

The figure 1 shows the flow chart with a classification of patients at baseline according to the Walsh's algorithm while the figure 2 shows the classification of patients at baseline according to the modified Walsh's algorithm (figures 1 and 2). We identified 1). They also had more often diabetes mellitus. Moreover, they had a higher CPI score, a higher pulmonary fibrosis extent, while PH and O2 supplementation were no more frequent than in other patients. A higher proportion of them also had a bad prognosis according to Walsh's algorithm (see electronic supplement Table 1).
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Univariate analysis

Univariate cox regression survival analysis for "all cause" mortality was performed for 4).

different

Multivariate analysis

The different models of multivariate analysis are shown in table 3. To avoid collinearity CPI, Walsh's algorithm and modified Walsh's algorithm results were analysed separately.

The independent factors predictive of mortality in model 1 and 2 were Sub-Saharan Africa or French West Indies origin, Walsh poor prognosis and modified Walsh poor prognosis algorithm. Modified Walsh algorithm was highly predictive with a hazard ratio of 51 (IC 95% (4.42; 561.3) p=0.001).

In model 3, PH at echocardiography (or according to MPAD/BSA>16 see electronic supplement Table n°2), CPI > 40, and fibrosis>20% were independent risk factors of mortality.

All these factors were predictive of mortality independently from age and sex, nevertheless the proportional hazards assumption was not satisfied for age.

Discussion

Attention is paid to advanced pulmonary sarcoidosis with important consequences on treatment. Following two important studies evidencing predictive factors of mortality in pulmonary sarcoidosis [START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF][START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF], we found interesting to look for predictive factors including most of those explored in these studies but also other ones including: (i) evaluation of pulmonary hypertension by echocardiography, largely used in clinical practice (ii) MPAD/BSA ratio that has recently been shown very promising for predicting PH at right catheterisation [START_REF] Huitema | Pulmonary artery diameter to predict pulmonary hypertension in pulmonary sarcoidosis[END_REF], and (iii) factors possibly involved in mortality risk like sarcoidosis treatments, associated cardiac sarcoidosis or diabetes mellitus [START_REF] Baughman | Predicting respiratory failure in sarcoidosis patients[END_REF][START_REF] Nardi | Stage IV sarcoidosis: comparison of survival with the general population and causes of death[END_REF][START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF].

Our study showed that: (i) CPI>40, pulmonary fibrosis extent> 20% at HRCT and PH at echocardiography or using MPAD/BSA ratio were independent predictors of mortality; (ii) Walsh's algorithm was confirmed predictive of mortality; (iii) strikingly, modified Walsh's algorithm taking into account MPAD/BSA instead of MPAD/AAD was highly predictive of mortality, with a higher hazard ratio and this was linked to the fact that the MPAD/BSA ratio was a good predictor of mortality while the MPAD/AAD ratio was not; (iv) patients native from Sub-Saharan Africa or French West Indies had a higher risk of mortality; (v) all other parameters, including sarcoidosis treatment, associated cardiac sarcoidosis and diabetes mellitus were not predictive.

Different approaches are used to explore mortality in sarcoidosis: autopsy studies [START_REF] Iwai | Racial difference in cardiac sarcoidosis incidence observed at autopsy[END_REF], centre cohort studies [START_REF] Nardi | Stage IV sarcoidosis: comparison of survival with the general population and causes of death[END_REF][START_REF] Ungprasert | Increased Risk of Multimorbidity in Patients With Sarcoidosis: A Population-Based Cohort Study 1976 to 2013[END_REF][START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF][START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF], nation-wide register-based studies (1) and death-certificate based studies [START_REF] Jamilloux | Sarcoidosis-related mortality in France: a multiple-cause-of-death analysis[END_REF][START_REF] Swigris | Sarcoidosis-related mortality in the United States from 1988 to 2007[END_REF][START_REF] Mirsaeidi | Racial difference in sarcoidosis mortality in the United States[END_REF]. The epidemiology of sarcoidosis is very variable according to geography, gender and race [START_REF] Dumas | Epidemiology of Sarcoidosis in a Prospective Cohort Study of U.S. Women[END_REF][START_REF] Duchemann | Prevalence and incidence of interstitial lung diseases in a multi-ethnic county of Greater Paris[END_REF][START_REF] Arkema | Sarcoidosis incidence and prevalence: a nationwide register-based assessment in Sweden[END_REF], so are mortality rate and causes [START_REF] Park | Prevalence, incidence, and mortality of sarcoidosis in Korea, 2003-2015: A nationwide population-based study[END_REF][START_REF] Mirsaeidi | Racial difference in sarcoidosis mortality in the United States[END_REF][START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF][START_REF] Dumas | Epidemiology of Sarcoidosis in a Prospective Cohort Study of U.S. Women[END_REF]. In our study, natives from Sub-Saharan Africa or French West

Indies had an increased sarcoidosis-related risk of mortality compared to grouped other patients, most of them born in Europe. This result is in line with Kirkil's and with

Mirsaeidi's studies evidencing a higher mortality risk in African Americans than in Caucasians, even though contrary to Mirsaeidi patients native from Sub-Saharan Africa or French West Indies had no trend to have more PH than others in our series [START_REF] Mirsaeidi | Racial difference in sarcoidosis mortality in the United States[END_REF][START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF]. In our study, 35% of Sub-Saharan Africans or French West Indian died or were transplanted vs 16.3% of other patients. At baseline, they tended to be younger, less frequently smokers and had more severe pulmonary fibrosis with both higher fibrosis extent percentage and higher CPI but the proportion of patients with PH, according either to echocardiography or to MPAD/BSA ratio was not significantly different. A worse prognosis predictor using Walsh's algorithm was also evidenced in this group of patients.

To be noted, we did not find a predictive value for mortality when considering baseline treatment or cardiac sarcoidosis. The rarity of cardiac sarcoidosis might explain this negative result. The adverse impact of treatments, particularly corticosteroids might have been underestimated. However, death in patients with advanced pulmonary sarcoidosis is usually linked to underlying sarcoidosis [START_REF] Nardi | Stage IV sarcoidosis: comparison of survival with the general population and causes of death[END_REF][START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF]. The evidence of an increased mortality risk due to long-term corticosteroid treatment observed in rheumatoid arthritis and COPD is not necessarily transposable to sarcoidosis but deserves further investigation on larger series with a longer follow up.

Our study patients were recruited in a sarcoidosis tertiary referral centre in Greater Paris, France. Compared to those in Walsh's and Kirkil's studies, our patients had more advanced pulmonary disease: mean CPI was 41 instead of 34.3; Oxygen supplementation concerned 10.6% instead of 8%; a 18.3% fibrosis extent was observed instead of 15%, and 21.3% died instead of 20% in Walsh'study. In Kirkil's study, 8.4% of patients died. Interestingly, in Kirkil's study, despite a higher mortality in radiological stage 4, some patients at other radiological stages, particularly stage 3, died. However, these two studies used as baseline the diagnosis of sarcoidosis to calculate survival, and not the stage 4 diagnosis as in our study, making a methodological difference for comparing survival.

The impact of PH on mortality was confirmed in our study, interestingly while we used another approach: in Walsh's study PH diagnosis was based on MPAD/AAD ratio [START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF], while it relied on right catheterisation in Kirkil's study [START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF]. In our study, it was evidenced through echocardiography and MPAD/BSA ratio. Interestingly, in our cohort MPAD/BSA ratio, well correlated to echocardiography, was predictive of mortality while MPAD/AAD ratio despite also correlated to PH at echography was not. It is in line with the study by Huitema et al [START_REF] Huitema | Pulmonary artery diameter to predict pulmonary hypertension in pulmonary sarcoidosis[END_REF] indicating that MPAD/BSA ratio might be the most accurate predictor of PH on CT in patients with pulmonary sarcoidosis.

When using models for multivariate survival analysis, the modified Walsh's algorithm Hazard ratio was found very impressive. It must be emphasized that it is an easy-practice tool. Thus, the measure of MPAD/BSA might be recommended in clinical practice allowing to improve Walsh's algorithm. It might help the detection of patients more at risk and help consider patients for transplantation. Several patients who died from pulmonary sarcoidosis might have benefited from this algorithm leading to a lung transplantation all the more as they were often in the age range making it possible [START_REF] Taimeh | Lung transplantation for pulmonary sarcoidosis. Twenty-five years of experience in the USA[END_REF].

Moreover, the opportunity to select patients with sarcoidosis pulmonary fibrosis and a bad prognosis on modified Walsh's algorithm might facilitate the design of new treatment trials, for example with antifibrotic drugs.

There were several limitations in our study. It was retrospective and monocentric.

Only patients with stage 4 patients were studied. This condition is associated to increased mortality but it has been shown that an increased risk of mortality may also be encountered in some stage 3 patients particularly those with associated PH [START_REF] Kirkil | Predictors of Mortality in Pulmonary Sarcoidosis[END_REF]. While pulmonary hypertension is most often associated with pulmonary fibrosis in sarcoidosis, a significant proportion of cases with pulmonary hypertension may have less advanced radiologic changes. In the multi-national registry for sarcoidosis associated pulmonary hypertension nearly 25% of patients had a radiological stage 2 or 3 [START_REF] Shlobin | Physiological Predictors of Survival in Patients with Sarcoidosis Associated Pulmonary Hypertension: Results from an International Registry[END_REF].

The diagnosis of pulmonary hypertension in our study was not determined by right heart catherization, an invasive procedure, but only estimated with a systolic pulmonary artery pressure>35 mmHg at echocardiography. Measurement of systolic pulmonary artery pressure was not possible in some cases, and the diagnosis of pulmonary hypertension on echography may have been underestimated. Similarly, we did not take into account the presence of indirect signs of pulmonary hypertension such as right ventricle dilatation.

As our assessment of treatments at baseline was retrospective, some information like cumulative doses of prednisone were not available, preventing us from estimating with accuracy the impact of treatments on mortality. Finally, some points were not investigated like personal income or occupational and environmental risks which might have given interesting information and might have impacted the mortality risk [START_REF] Harper | Income and Other Contributors to Poor Outcomes in US Sarcoidosis Patients[END_REF].

Conclusion

This study on radiological stage 4 sarcoidosis clearly showed that mortality could be predicted in patients with CPI>40, lung fibrosis extent >20% and PH. High MPAD/BSA ratio at HRCT appeared a good predictor of PH and of mortality. Modified Walsh's algorithm using MPAD/BSA ratio was shown a very accurate predictive index of mortality. Data are presented as n (%) or mean (sd) or median (Q1; Q3). FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; DLCO: diffusing capacity of the lung for carbon monoxide; O2: oxygen; CPI: composite physiologic index (91.0-(0.65×DLCO)-(0.53×FVC)+(0.34×FEV1); MPAD : mean pulmonary artery diameter ; AAD : ascending aorta diameter ; BSA : body surface area; HRCT: High resolution computed tomography; BMI Body mass index

Figure 1 :

 1 Figure 1: Flow chart of patient selection and their classification according to Walsh's algorithm Abbreviations: PFT pulmonary function test; HRCT: High resolution of Computed tomography, CPI: composite physiologic index; MPAD: mean pulmonary artery diameter; AAD: ascending aorta diameter

Figure 2 :

 2 Figure 2: Flow chart of patient selection and their classification according to modified Walsh's algorithm Abbreviations: PFT pulmonary function test; HRCT: High resolution of Computed tomography, CPI: composite physiologic index; MPAD: mean pulmonary artery diameter; AAD : ascending aorta diameter

Figure 3 :

 3 Figure 3: Comparison of survival for various factors represented by Kaplan Meier curve (P represented the result of log rank test) MPAD: mean pulmonary artery diameter; AAD: ascending aorta diameter; BSA: body surface area. PH: Pulmonary hypertension on echocardiography defined by pulmonary artery pressure estimation>35mmHg

Figure 4 :

 4 Figure 4: Comparison of survival for scoring represented by Kaplan Meier curve P represented the result of log rank test. CPI Composite physiologic index. Walsh's algorithm according to[START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF]. Modified Walsh's algorithm, used MPAD/BSA ratio instead of MPAD/AAD ratio.

  stage 4 sarcoidosis patients referred to Pulmonology Department in Avicenne Hospital investigated from 1988 to 2016. Eighty-two patients were not included: 47 had

no CT, 9 had no echocardiography, 12 had no CT and no echocardiography, 7 had no pulmonary function test and stage 4 was not confirmed in 7 patients by radiologists involved in the study. Thus, 216 patients made up the final study population. Thirty-five patients had never been treated, 38 were treated by prednisone with a daily dose lower than 10mg, 79 were treated with a daily dose higher than 10mg, 60 took immunosuppressive drugs while treatment was unknown for 4 patients. Table

1

presents patients' characteristics collected at baseline. Forty-one patients died and 5 underwent lung transplantation. Survival at 1, 5, 10 and 15 years from baseline were respectively at 98.1%, 94.4%, 83.5% and 75.4%.

Median follow up was around 8 years. Of note, patients native from Sub-Saharan Africa or French West Indies had a higher mortality risk than other patients of the study despite a trend to be younger (see electronic supplement Table

  explanatory variables and are exhibited in table2.Being native from Sub-Saharan Africa or French West Indies, oxygen supplementation, extent of pulmonary fibrosis >20%, PH at echocardiography, and the different prognostic scores (CPI, Walsh's algorithm and modified Walsh's algorithm) were all predictive of mortality. However, other tested parameters, including sex, tobacco smoking, diabetes mellitus, sarcoidosis treatment at baseline or associated cardiac sarcoidosis were not found predictive of mortality. The proportional hazards assumption was not satisfied for age, making this factor uninterpretable in cox analysis.

	by integrating MPAD/BSA>16 instead of MPAD/AAD>1 had a lower survival than
	those with a good prognosis (figure

The MPAD/BSA ratio was a mortality prognostic factor as well as PH at echocardiography while MPAD/AAD ratio was not. Median MPAD/BSA ratio was significantly higher in patients with echocardiography PH versus patients without (19.36 versus 16.26 p <0,0001) (Mann Whitney test); median MPAD/AAD ratio was also significantly higher for patients with PH versus patients without (1,06 versus 1) (p<0,001) (Mann Whitney test)). The previous cut-offs described by Walsh et al.

[START_REF] Walsh | An integrated clinicoradiological staging system for pulmonary sarcoidosis: a case-cohort study[END_REF] 

for CPI> 40; MPAD/AAD> 1 and extent of fibrosis >20% were applied in our population in a log rank analysis (figure

3 and 4

) as other binary variables. Patients with a bad prognosis according to Walsh's algorithm or to a "modified Walsh's algorithm"

Table 1 :

 1 Patients' characteristics at stage 4 sarcoidosis diagnosis (n=216)

	Age

Supplementary data