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Lung involvement is one of the most common clinical features in ANCA-associated vasculitides (AAV), including granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), and eosinophilic granulomatosis with polyangiitis (EGPA). In this review, we detail the five main presentations of pulmonary involvement in AAV: necrotizing granulomatous inflammation, tracheobronchial inflammation, pulmonary capillaritis, interstitial lung disease (ILD) and asthma with their clinical, radiological and therapeutic characteristics. The prevalence of these manifestations is variable according to the subtype of AAV, necrotizing granulomatous inflammation and tracheobronchial inflammation being defining features of GPA whereas ILD is primarily seen in patients with MPA, especially in association with ANCA directed against myeloperoxydase (MPO-ANCA), and asthma is characteristic of EGPA. Despite recent progresses in the diagnosis and management of these conditions, several questions remain and are discussed here, including local treatments for subglottic stenosis, the uncertain efficacy of plasma exchanges for alveolar hemorrhage, the potential role of antifibrotic agents in ILD associated with MPA, and the use of novel anti-IL-5 strategies in EGPA.

1-Introduction

ANCA-associated vasculitides (AAV) are a heterogeneous group of systemic auto-immune diseases characterized by small-vessel necrotizing vasculitis with systemic involvement including pulmonary manifestations. Three main clinicopathologic syndromes have been defined: granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), and eosinophilic granulomatosis with polyangiitis (EGPA). The proportion of lung involvement in these different entities varies from 30 to 50% of patients with MPA, up to 60% in EGPA (95% including asthma) and 67 to 85% in GPA. [START_REF] Hoffman | Wegener granulomatosis: an analysis of 158 patients[END_REF][START_REF] Sharma | Clinical features and long-term outcomes of 105 granulomatosis with polyangiitis patients: A single center experience from north India[END_REF][START_REF] Solans-Laqué | Clinical characteristics and outcome of Spanish patients with ANCA-associated vasculitides: Impact of the vasculitis type, ANCA specificity, and treatment on mortality and morbidity[END_REF] We can distinguish five main presentations of pulmonary involvement in AAV: necrotizing granulomatous inflammation (lung nodules), tracheobronchial inflammation, pulmonary capillaritis manifesting as diffuse alveolar hemorrhage (DAH), interstitial lung disease and asthma. The frequency of these specific presentations is variable in GPA, MPA, and EGPA.

(Table 1)

The presence of pulmonary involvement is sometimes severe and may be considered as a global risk factor for mortality in patients with AAV. [START_REF] Lai | Predictors for Mortality in Patients with Antineutrophil Cytoplasmic Autoantibody-associated Vasculitis: A Study of 398 Chinese Patients[END_REF][START_REF] Flossmann | Long-term patient survival in ANCA-associated vasculitis[END_REF] In patients who experience lung disease, the mortality rate expressed as the standard mortality rate (SMR) is 1.5 (95% 1.0-2.1), and the survival rates (SR) at 5 and 10 years respectively, have been reported to be of 91% and 80%, respectively, significantly lower than in the general population. [START_REF] Garen | Mortality and causes of death across the systemic connective tissue diseases and the primary systemic vasculitides[END_REF] When AAV patients are admitted to intensive care units (ICU), very often due to respiratory involvement, their mortality is higher than in those seen with other autoimmune systemic diseases, reaching 60.9% versus 35.3%. [START_REF] Włudarczyk | Patients with small-vessel vasculitides have the highest mortality among systemic autoimmune diseases patients treated in intensive care unit: A retrospective study with 5-year follow-up[END_REF] However, all types of lung involvement in AAV are not equally severe, with DAH and interstitial lung disease carrying a worse prognosis compared to lung nodules.

In this review, we will detail the prevalence, clinical presentation, diagnostic tools and therapeutic options of these five different types of lung involvement encountered in patients with AAV.

2-Necrotizing granulomatous inflammation of the lung

Granulomatous inflammation is the main defining feature of GPA. [START_REF] Jennette | Revised International Chapel Hill Consensus Conference Nomenclature of Vasculitides[END_REF] In the lung, it manifests as single or multiple nodules that may cavitate due to central necrosis [START_REF] Lynch | Granulomatosis with Polyangiitis (Wegener's Granulomatosis): Evolving Concepts in Treatment[END_REF][START_REF] Komocsi | Peripheral Blood and Granuloma CD4+CD28-T Cells Are a Major Source of Interferon-γ and Tumor Necrosis Factor-α in Wegener's Granulomatosis[END_REF]. (Figure 1)

Lung nodules can be found in up to 50% of the patients with GPA. [START_REF] Hoffman | Wegener granulomatosis: an analysis of 158 patients[END_REF][START_REF] Holle | Clinical Manifestations and Treatment of Wegener's Granulomatosis[END_REF][START_REF] Flores-Suárez | Clinical Characteristics of antineutrophil cytoplasmic antibody-associated vasculitis in a respiratory diseases referral center in Mexico (1982-2010)[END_REF] The clinical symptoms are heterogeneous, ranging from asymptomatic to cough, dyspnea, thoracic pain due to pleural irritation, or hemoptysis. Therefore, imaging tests (chest X-ray or computed tomography) are instrumental in detecting pulmonary involvement, particularly when respiratory symptoms are mild or absent.

At diagnosis or during the course of the disease, transbronchial or surgical biopsies may be considered to rule out differential diagnoses (mainly tumors or infections, especially fungal caused by histoplasmosis, coccidioidomycosis, blastomycosis or nocardia) or to confirm the diagnosis of vasculitis in case of isolated lung nodules without other organ involvement that could be biopsied. ( 13) Biopsies of nodules may show neutrophilic microabscesses, fibrinoid necrosis, palisading histiocytes and giant cells forming a granulomatous inflammation pattern that is often called "geographic necrosis". [START_REF] Colby | Wegener's granulomatosis in the 1990s--a pulmonary pathologist's perspective[END_REF] Besides this necrotizing granulomatous inflammation, pathologic findings may include focal vasculitis, thrombosis, and fibrous obliteration of vascular lumina. The diagnostic yield of transbronchial biopsies is moderate since it confirms the diagnosis of GPA in less than half of cases. [START_REF] Daum | Tracheobronchial involvement in Wegener's granulomatosis[END_REF] Video-assisted thoracoscopic lung biopsy has a better diagnostic yield, but this is offset by the morbidity associated with this invasive procedure.

The evolution of lung nodules due to necrotizing granulomatous inflammation is progressive and presents frequently with a waxing and waning course, with some nodules disappearing and other nodules appearing over time. Lung nodules usually respond to immunosuppressive therapies that include systemic glucocorticoids in combination with either methotrexate in case of localized (non-severe) disease, or with cyclophosphamide or rituximab in case of systemic (or severe) disease.

The NORAM study showed that patients with pulmonary nodules and/or cavities who received methotrexate had a longer time to achieve remission and a higher relapse rate at 18 months compared to patients who received cyclophosphamide. [START_REF] De Groot | Randomized trial of cyclophosphamide versus methotrexate for induction of remission in early systemic antineutrophil cytoplasmic antibody-associated vasculitis[END_REF] Conflicting results have been published on the efficacy of rituximab for these granulomatous manifestations of GPA, with some retrospective cohort studies reporting that granulomatous manifestations may be refractory to rituximab, whereas others have shown rituximab to be effective for such lesions when they were refractory to cyclophosphamide. [START_REF] Holle | Rituximab for refractory granulomatosis with polyangiitis (Wegener's granulomatosis): comparison of efficacy in granulomatous versus vasculitic manifestations[END_REF][START_REF] Seo | Efficacy of rituximab in limited Wegener's granulomatosis with refractory granulomatous manifestations[END_REF][START_REF] Keogh | Induction of remission by B lymphocyte depletion in eleven patients with refractory antineutrophil cytoplasmic antibody-associated vasculitis[END_REF][START_REF] Keogh | Rituximab for refractory Wegener's granulomatosis: report of a prospective, open-label pilot trial[END_REF] However, in the RAVE trial that formally compared rituximab to cyclophosphamide in 197 patients with severe AAV, the efficacy of the two drugs was similar, and rituximab was even superior to cyclophosphamide in patients with PR3-ANCA, who present more frequently with lung nodules than patients with MPO-ANCA. [START_REF] Stone | Rituximab versus Cyclophosphamide for ANCA-Associated Vasculitis[END_REF][START_REF] Unizony | Clinical outcomes of treatment of antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis based on ANCA type[END_REF][START_REF] Specks | Efficacy of Remission-Induction Regimens for ANCA-Associated Vasculitis[END_REF] The rate at which granulomatous lung lesions respond to therapy is highly variable between patients, and treatment should be continued for as long as the lesions continue to shrink in size under therapy. [START_REF] Seo | Efficacy of rituximab in limited Wegener's granulomatosis with refractory granulomatous manifestations[END_REF] One of the main complications of treatment is the development of infections related to glucocorticoids and immunosuppressive therapies. [START_REF] Cutolo | Use of glucocorticoids and risk of infections[END_REF][START_REF] Jung | Rate of infections in severe necrotising vasculitis patients treated with cyclophosphamide induction therapy: a meta-analysis[END_REF] Pneumocystis pneumonia prophylaxis with cotrimoxazole or other drugs is mandatory in all patients receiving immunosuppressive treatments, including methotrexate (with a specific attention to the cumulative risks of hepatic and hematologic toxicities), cyclophosphamide and rituximab. [START_REF] Stegeman | Trimethoprim-sulfamethoxazole (co-trimoxazole) for the prevention of relapses of Wegener's granulomatosis. Dutch Co-Trimoxazole Wegener Study Group[END_REF] Cavitary lung lesions may also be colonized by fungi, mostly aspergillus fumigatus, which may pose diagnostic challenges as the radiographic features of fungal infections are often similar to those of GPA, and tests for fungal infections are often negative in patients without criteria for invasive aspergillosis. [START_REF] Marchiori | Reversed Halo Sign[END_REF] Colonization of pulmonary cavities by aspergillus may lead to the formation of fungus balls which in turn may induce an inflammatory reaction of the wall of the cavity and lead to significant hemoptysis. Such complications of pulmonary cavities may require surgical resection or radiologic interventions (intravascular coil placement to contain hemorrhage).

3-Tracheobronchial inflammation

Tracheobronchial involvement is frequent in GPA (15-55% of the patients), but is rare in patients with MPA and EGPA. ( 23) Airway inflammation can occur anywhere in the tracheobronchial tree, even though subglottic lesions are more frequent than lesions affecting smaller bronchi. An important characteristic is that the lesions are segmental and focal, meaning that the tracheobronchial inflammation of GPA is localized with affected areas next to normal airways. Lesions are characterized by inflammatory erosions of the mucosa (mucosal ulcers) that may lead to tracheomalacia in case of cartilage involvement or by stenosis (Figure 2). The main clinical manifestations are cough, dyspnea, stridor, localized wheezes and hemoptysis.

Biopsies of tracheobronchial lesions often show non-specific mucosal inflammation, ulcerations and subsequently stenosing fibrosis, but rarely vasculitis. ( 23) Diagnostic tools include pulmonary function tests (PFT), bronchoscopy and computed tomography scans (if possible, with three-dimensional reconstruction of the tracheobronchial tree). PFTs with inspiratory and expiratory volume flow loops may detect tracheobronchial stenosis and/or broncho-or tracheaomalacia and evaluate their severity. PFTs are also very useful to monitor the evolution of the disease and to obtain objective evaluation of the degree of airway obstruction over time. [START_REF] Polychronopoulos | Airway Involvement in Wegener's Granulomatosis[END_REF] Bronchoscopy allows a direct visual inspection of the tracheal and bronchial walls and may detect inflammatory lesions that have only subtle functional consequences but may explain some symptoms such as localized wheezing, cough or hemoptysis. Bronchoscopy is also indispensable for the planning and application of therapeutic endobronchial interventions presented below.

Tracheal or subglottic stenoses should be considered as severe manifestations of GPA that require treatment with high dose systemic glucocorticoids and cyclophosphamide or rituximab. When symptomatic tracheobronchial involvement does not respond to standard immunosuppressive treatment, a specific non-codified management may be considered. At 

4-Pulmonary capillaritis and diffuse alveolar hemorrhage

Diffuse alveolar hemorrhage (DAH) is a severe pulmonary manifestation of AAV. [START_REF] Hoffman | Wegener granulomatosis: an analysis of 158 patients[END_REF][START_REF] Stone | Rituximab versus Cyclophosphamide for ANCA-Associated Vasculitis[END_REF] DAH is more frequent in MPA affecting 25 to 60% of the patients (28) compared to GPA (22-30%) and EGPA (4%) [START_REF] Unizony | Clinical outcomes of treatment of antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis based on ANCA type[END_REF][START_REF] Nguyen | Eosinophilic Granulomatosis with Polyangiitis (Churg-Strauss)[END_REF]. Its occurrence is a factor of poor prognosis with a mortality of up to 10 to 25%. [START_REF] Cartin-Ceba | Diffuse Alveolar Hemorrhage Secondary to Antineutrophil Cytoplasmic Antibody-Associated Vasculitis: Predictors of Respiratory Failure and Clinical Outcomes[END_REF][START_REF] De Prost | Diffuse alveolar haemorrhage: factors associated with in-hospital and long-term mortality[END_REF] It is rare in EGPA, occurring mostly in patients positive for MPO-ANCA. [START_REF] Keogh | Churg-Strauss syndrome: clinical presentation, antineutrophil cytoplasmic antibodies, and leukotriene receptor antagonists[END_REF][START_REF] Sinico | Prevalence and clinical significance of antineutrophil cytoplasmic antibodies in Churg-Strauss syndrome[END_REF][START_REF] Comarmond | Eosinophilic granulomatosis with polyangiitis (Churg-Strauss): clinical characteristics and long-term followup of the 383 patients enrolled in the French Vasculitis Study Group cohort[END_REF] DAH in AAV implies pulmonary capillaritis, which is caused by a predominantly neutrophilic inflammation which leads to fibrinoid necrosis of the capillary walls with the loss of the integrity of the alveolar-capillary membrane. The result is erythrocyte extravasation into the alveolar space with impairment of the gas exchange. [START_REF] Lara | Diffuse alveolar hemorrhage[END_REF] If Prominent eosinophilia is seen as part of the capillaritis or in the alveolar spaces, EGPA should be considered [START_REF] Cartin-Ceba | Diffuse Alveolar Hemorrhage Secondary to Antineutrophil Cytoplasmic Antibody-Associated Vasculitis: Predictors of Respiratory Failure and Clinical Outcomes[END_REF][START_REF] Keogh | Churg-Strauss syndrome: clinical presentation, antineutrophil cytoplasmic antibodies, and leukotriene receptor antagonists[END_REF][START_REF] Comarmond | Eosinophilic granulomatosis with polyangiitis (Churg-Strauss): clinical characteristics and long-term followup of the 383 patients enrolled in the French Vasculitis Study Group cohort[END_REF][START_REF] Scapa | Diffuse Alveolar Hemorrhage and Pulmonary Vasculitides: Histopathologic Findings[END_REF][START_REF] Smith | Pathology of Antineutrophil Cytoplasmic Antibody-Associated Pulmonary and Renal Disease[END_REF].

Clinically, the presentation is nonspecific with dyspnea, hypoxemia or anemia. [START_REF] Cartin-Ceba | Diffuse Alveolar Hemorrhage Secondary to Antineutrophil Cytoplasmic Antibody-Associated Vasculitis: Predictors of Respiratory Failure and Clinical Outcomes[END_REF][START_REF] Lara | Diffuse alveolar hemorrhage[END_REF] Chest X-ray can be normal in up to 50% of the cases. Computed tomography angiography techniques allow analysis of blood vessels and pulmonary parenchyma. (39) Signs of alveolar hemorrhage are bilateral opacities, ground-glass and crazy-paving pattern or intra and interlobular thickening. (Figure 3) Organizing pneumonia lesions are also visible. [START_REF] Smith | Pathology of Antineutrophil Cytoplasmic Antibody-Associated Pulmonary and Renal Disease[END_REF] Bronchoalveolar lavage (BAL) is the gold standard to confirm alveolar hemorrhage. [START_REF] Summers | CT virtual bronchoscopy of the central airways in patients with Wegener's granulomatosis[END_REF][START_REF] Schnabel | Efficacy of transbronchial biopsy in pulmonary vaculitides[END_REF] In patients with active intraalveolar bleeding, the returned BAL fluid becomes bloodier with each returned aliquot rather than clearing. In patients without active bleeding at the time of the BAL, DAH is diagnosed by the presence of hemosiderin-laden intra-alveolar macrophages which are detectable after 24 to 48 hours and may persist in the alveolar space for weeks. [START_REF] De Lassence | Alveolar hemorrhage. Diagnostic criteria and results in 194 immunocompromised hosts[END_REF][START_REF] Epstein | Time course of hemosiderin production by alveolar macrophages in a murine model[END_REF] At least 20% of alveolar macrophages should stain positive for iron deposits to make a diagnosis of DAH. BAL is also instrumental to rule out an infection that may mimic the presentation of DAH, especially in immunocompromised patients. Surgical lung biopsies have been reported to show capillaritis in 88 % of cases of DAH due to AAV. However, this procedure is not advocated because it rarely adds useful diagnostic information while being associated with significant risks in the context of severe acute lung disease. [START_REF] Travis | A clinicopathologic study of 34 cases of diffuse pulmonary hemorrhage with lung biopsy confirmation[END_REF] Many other potential causes for DAH should be considered in the differential diagnoses of AAV, including non-inflammatory vascular, cardiac, other respiratory (toxic, environmental), drug-induced (both licit and illicit) and neoplastic diseases, as well as other autoimmune diseases which are recognized to cause capillaritis (Table 2).

DAH is considered as a severe manifestation of AAV, justifying the use of high-dose glucocorticoids in combination with either cyclophosphamide or rituximab. [START_REF] Stone | Rituximab versus Cyclophosphamide for ANCA-Associated Vasculitis[END_REF][START_REF] Jones | Rituximab versus cyclophosphamide in ANCAassociated renal vasculitis[END_REF][START_REF] Mukhtyar | EULAR recommendations for the management of primary small and medium vessel vasculitis[END_REF][START_REF] Specks | Efficacy of Remission-Induction Regimens for ANCA-Associated Vasculitis[END_REF] Severe cases may require intensive care with assisted ventilation. In a large retrospective cohort of patients with AAV and DAH, the main factors associated with respiratory failure were the degree of hypoxemia upon initial presentation, a higher percentage of neutrophils in the BAL fluid cell count, and higher C-reactive protein levels. [START_REF] Cartin-Ceba | Diffuse Alveolar Hemorrhage Secondary to Antineutrophil Cytoplasmic Antibody-Associated Vasculitis: Predictors of Respiratory Failure and Clinical Outcomes[END_REF] In another series, patients who required dialysis, mechanical ventilatory support or had a low oxygen saturation on admission (<90%) had a worse prognosis, with one-year mortality of 33%. [START_REF] Quadrelli | Immune diffuse alveolar hemorrhage: Clinical presentation and outcome[END_REF] Although the RAVE study did not show major differences of efficacy between cyclophosphamide and rituximab in patients with alveolar hemorrhage [START_REF] Stone | Rituximab versus Cyclophosphamide for ANCA-Associated Vasculitis[END_REF][START_REF] Seo | Efficacy of rituximab in limited Wegener's granulomatosis with refractory granulomatous manifestations[END_REF], the large retrospective study by Cartin-Ceba et al suggested a better efficacy of rituximab in this context. [START_REF] Cartin-Ceba | Diffuse Alveolar Hemorrhage Secondary to Antineutrophil Cytoplasmic Antibody-Associated Vasculitis: Predictors of Respiratory Failure and Clinical Outcomes[END_REF] Plasma exchange has been proposed as an adjunct treatment modality to improve outcomes of DAH in AAV.(50, 51) However, more recent evidence from a large cohort study and the results of the PEXIVAS trial did not show any benefit of plasma exchange in addition to standard immunosuppressive therapies (high-dose glucocorticoids in combination with CYC or RTX) in patients with AAV and severe renal involvement or DAH.

(31, Walsh M, submitted) A few anecdotal cases of use of intrapulmonary recombinant activated factor VII or extracorporeal membrane oxygenation have been reported as salvage therapy, but solid evidence for the use of these therapies is scarce. ( 52)

5-Interstitial lung disease

During the last decade, interstitial lung disease (ILD) in AAV has been increasingly reported.

It mostly occurs in the context of MPA and in patients with anti-myeloperoxydase (MPO)-ANCA. (53-57) A very important issue is that when present, it has been shown to increase mortality [START_REF] Flores-Suárez | Clinical Characteristics of antineutrophil cytoplasmic antibody-associated vasculitis in a respiratory diseases referral center in Mexico (1982-2010)[END_REF][START_REF] Schirmer | Myeloperoxidase-Antineutrophil Cytoplasmic Antibody (ANCA)-Positive Granulomatosis With Polyangiitis (Wegener's) Is a Clinically Distinct Subset of ANCA-Associated Vasculitis: A Retrospective Analysis of 315 Patients From a German Vasculitis Referral Center[END_REF]. Additionally, it can be present either at the time of other AAV manifestations or even earlier. As ILD can progress indolently or subtly until it is suspected and/or confirmed, as opposed to DAH, many aspects are still unknown.

Symptoms are nonspecific, such as progressive dyspnea and cough. Physical examination typically reveals Velcro crackles, but digital clubbing is rare.

The most frequent high-resolution computed tomography (HRCT) findings of ILD associated with MPA include ground-glass (23-94%) and reticular opacities (41-77%), interlobular septal thickening (41-71%), parenchymal consolidations (23-78%) and honeycombing (23-52%).

The majority of patients with MPA and ILD have a radiographic pattern characteristic of usual interstitial pneumonia (UIP) (50-71% of cases), followed by patterns of nonspecific interstitial pneumonia (NSIP) (7-31% of cases), and rarely desquamative interstitial pneumonia (up to 14%). (54) Lung function tests show a restrictive disorder with reduced lung volumes and diffusing capacity for carbon monoxide (DLCO). [START_REF] Rosenberg | Functional correlates of lung involvement in Wegener's granulomatosis. Use of pulmonary function tests in staging and follow-up[END_REF] There is a lack of consensus about the treatment of ILD detected in patients with AAV as no randomized trials have been performed in this specific context. The efficacy of immonusuppressive therapies is expected to be better in NSIP than in UIP. The latter is characterized by progressing irreversible fibrosis and consequentially declining lung function.

In a French study with retrospective data, the survival rate of AAV patients with ILD at one year was higher when the patients received CYC or RTX in contrast to those who only received corticosteroids (94% versus 73%, respectively. [START_REF] Comarmond | Pulmonary fibrosis in antineutrophil cytoplasmic antibodies (ANCA)-associated vasculitis: a series of 49 patients and review of the literature[END_REF] In patients with idiopathic pulmonary fibrosis (IPF, corresponding usually to a UIP pattern), the 2015 ATS/ERS/JRS/ALAT consensus recommends the use of anti-fibrotic treatments such as pirfenidone or nintedanib. [START_REF] Raghu | An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline: Treatment of Idiopathic Pulmonary Fibrosis. An Update of the 2011 Clinical Practice Guideline[END_REF][START_REF] Martinez | Idiopathic pulmonary fibrosis[END_REF] However, the use of these drugs in patients with AAV and lung fibrosis has not been formally evaluated.

Besides the association of MPA with UIP-pattern ILD, some patients with IPF have ANCA, and more specifically MPO-ANCA, without other organs being affected. In the follow-up of patients with IPF, MPO-ANCAs were found in 8.5% of them, and after 5 years, 24.3% had developed other features of MPA. Those patients who had not received immunosuppressants and had a CT pattern of usual interstitial pneumonia (UIP) bore a higher independent risk of developing full-blown MPA. [START_REF] Hozumi | Clinical significance of myeloperoxidase-antineutrophil cytoplasmic antibody in idiopathic interstitial pneumonias[END_REF]. Therefore, IPF with MPO-ANCA positivity has even been proposed by some authors to constitute a limited form of MPA. (63) However, since immunosuppressive therapy should be avoided in UIP/IPF as the PANTHER trial has shown an increased mortality in patients with UIP/IPF treated with prednisone and azathioprine, patients with UIP/IPF and positive MPO-ANCA test result are probably best served by careful monitoring for signs of developing MPA, and reserving immunosuppressive therapy for the treatment of active MPA when is develops. [START_REF]The Idiopathic Pulmonary Fibrosis Clinical Research Network. Prednisone, Azathioprine, and N -Acetylcysteine for Pulmonary Fibrosis[END_REF] To this end, particularly monitoring the patients urine for microhematuria in regular intervals is important as the onset of glomerulonephritis caused by MPA may be insidious and asymptomatic during its early stages.

6-Asthma in EGPA

Asthma is the main clinical manifestation of EGPA and occurs in 95 to 100% of patients [START_REF] Comarmond | Eosinophilic granulomatosis with polyangiitis (Churg-Strauss): clinical characteristics and long-term followup of the 383 patients enrolled in the French Vasculitis Study Group cohort[END_REF][START_REF] Guillevin | Churg-Strauss syndrome. Clinical study and long-term follow-up of 96 patients[END_REF][START_REF] Berti | Eosinophilic granulomatosis with polyangiitis: the multifaceted spectrum of clinical manifestations at different stages of the disease[END_REF]. Most of the time, asthma precedes the diagnosis of EGPA and patients suffer from dyspnea, cough and sputum production [START_REF] Cottin | Respiratory manifestations of eosinophilic granulomatosis with polyangiitis (Churg-Strauss)[END_REF][START_REF] Cottin | Persistent airflow obstruction in asthma of patients with Churg-Strauss syndrome and long-term follow-up[END_REF][START_REF] Berti | Current and Future Treatment Options for Eosinophilic Granulomatosis With Polyangiitis[END_REF][START_REF] Keogh | Churg-Strauss syndrome: clinical presentation, antineutrophil cytoplasmic antibodies, and leukotriene receptor antagonists[END_REF]. Symptoms are severe or uncontrolled in half of the patients and require extensive use of glucocorticoids. (69) Usually, asthma becomes more severe and exacerbations more frequent before the diagnosis of vasculitis. In EGPA, asthma is associated with chronic rhinosinusitis (80%), atopic background (25%), blood eosinophilia and the presence of ANCA (10-40%), most often directed against MPO antigen.

Radiological abnormalities like peripheral ground glass opacities, consolidation, bronchial thickening or pleural effusions can be found in the most severe cases. ( 70 EGPA should not be confused with other pulmonary eosinophilic conditions like allergic bronchopulmonary aspergillosis or hypereosinophilic syndromes.

The treatment of EGPA depends on the severity of the clinical manifestations that may be evaluated using the prognostic Five-Factor Score (FFS) [START_REF] Guillevin | Prognostic factors in polyarteritis nodosa and Churg-Strauss syndrome. A prospective study in 342 patients[END_REF]. In the absence of severity criteria (FFS = 0), its treatment relies primarily on the use of glucocorticoids, whereas patients with more severe disease (FFS ≥ 1) require the addition of cyclophosphamide. After demonstrating its efficacy in GPA and MPA, RTX is currently being evaluated as induction and maintenance therapy in EGPA. [START_REF] Stone | Rituximab versus Cyclophosphamide for ANCA-Associated Vasculitis[END_REF][START_REF] Cartin-Ceba | Rituximab for remission induction and maintenance in refractory granulomatosis with polyangiitis (Wegener's): Ten-year experience at a single center[END_REF] Recent retrospective studies have suggested the efficacy of rituximab for such patients, particularly when positive for MPO-ANCA [START_REF] Teixeira | Efficacy and safety of rituximab in the treatment of eosinophilic granulomatosis with polyangiitis[END_REF][START_REF] Thiel | Rituximab as Induction Therapy in Eosinophilic Granulomatosis with Polyangiitis Refractory to Conventional Immunosuppressive Treatment: A 36-Month Follow-Up Analysis[END_REF][START_REF] Mohammad | Rituximab for the treatment of eosinophilic granulomatosis with polyangiitis (Churg-Strauss)[END_REF].

The prospective REOVAS study addressing the efficacy of RTX further is ongoing (NCT02807103).

Despite successful control of vasculitis disease manifestation in EGPA, asthma remains often severe, and 43% of the patients experienced vasculitis relapses in the 2 years after diagnosis and 28% experienced isolated asthma and rhinosinus exacerbation. ( 16) Severe/uncontrolled asthma is observed in about 40% of patients both at diagnosis and 3 years later. (Berti et al,

Chest, in press)

A new targeted treatment, mepolizumab, a humanized monoclonal antibody targeting circulating IL-5, has been shown to provide better control of symptoms and to facilitate glucocorticoid dose reduction. Mepolizumab was tested in the MIRRA trial on 136 subjects with relapsing or refractory EGPA against placebo. At week 24, mepolizumab group achieved 6-fold more remission than placebo group. [START_REF] Wechsler | Mepolizumab or Placebo for Eosinophilic Granulomatosis with Polyangiitis[END_REF][START_REF] Kim | Mepolizumab as a steroid-sparing treatment option in patients with Churg-Strauss syndrome[END_REF][START_REF] Moosig | Targeting interleukin-5 in refractory and relapsing Churg-Strauss syndrome[END_REF] Nevertheless, it is still early to offer this treatment in first intention, and it should be noted that patients with severe vasculitic disease manifestations were excluded from the trial.

7-Conclusion

Lung involvement in the AAV is frequent and is associated with increased mortality. Despite this, studies focusing specifically on pulmonary involvement are rare and relatively recent. It now seems clear that pulmonary disease manifestations are very heterogenous and require differentiated treatment approaches. New trials targeting specific pulmonary disease manifestations are encouraged and may ultimately provide better individualized therapy and outcomes. 

  times it may be challenging to attribute a tracheal or bronchial stenosis (or restenosis) either to active inflammatory disease or to damage (scarring) resulting from post-inflammation fibrosis, especially in patients without any other active organ involvement or in patients with negative ANCA test results. In such patients, enforcing an intensification of immunosuppressive therapy may prove ineffective and increases the risk of infectious complications. Mechanical airway obstructions due to fibrosis/scarring can be corrected by laser ablation, cryotherapy, expansion probes or surgery. (24-26) Unfortunately, the benefit of these interventions is sometimes only temporary as restenosis may occur. The direct injection of long-acting glucorticoids and mitomycin C into the lesions or the application of inhaled glucocorticoids may prevent or delay their reoccurance. Refractory subglottic stenosis may require tracheostomy. (27) Younger age, female gender and presence of MPO-ANCA have recently been identified as risk factors for tracheobronchial stenosis, whereas maintenance therapy with prednisone at doses greater than 10 mg daily and azathioprine seem to reduce the risk of restenosis. (81, 84)

  ) Lung function tests show abnormalities typical of asthma: airway obstruction with bronchodilator response and preserved or increased DLCO. Serial PFT measurements and measurement of oral exhaled nitrous oxide may help to monitor the evolution and control of asthma symptoms in patients with EGPA. If performed, biopsies of pulmonary nodules show eosinophilic necrosis. In patients with EGPA and pulmonary infiltrates a high percentage of eosinophils on BAL fluid differential cell count is indicative of eosinophilic pneumonia as a disease manifestation of EGPA.
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Table 1 . Frequency of the different types of lung involvement in GPA, MPA, and EGPA
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		GPA	MPA	EGPA
	Nodules	50% (a)	7% (b)	14% (b)
	Tracheobronchial	15-55% (c)	50% (h)	Rare
	involvement			
	DAH	22-30% (d)	25% (i)	4% (e)
	ILD	23% (f)	45% (f)	39% (e)
	Asthma	8% (b)	5% (b)	95-100% (g)
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Table 2 . Other causes of DAH which must be included in the differential diagnosis
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	Immune-mediated	Non immune-mediated
	Primary capillaritis	
	• ANCA-associated vasculitides (AAV)	
	• Isolated lung capillaritis	
	• IgA vasculitis	
	• Anti-glomerular basement membrane	
	disease (anti-GBM)	
	• Primary cryoglobulinemic vasculitis	
	Secondary capillaritis	
	• Systemic lupus erythematosus	
	• Primary or secondary anti-phospholipid	
	syndrome	
	• Scleroderma	
	• Inflammatory myopathies	
	• Mixed connective tissue disease	
	• Rheumatoid arthritis