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Lung-limited or lung-dominant variant of Eosinophilic Granulomatosis with Polyangiitis

Clinical implications statement

Eosinophilic granulomatosis with polyangiitis (EGPA) can present without any systemic extra-respiratory organ involvement, challenging diagnostic criteria. Eosinophilic, granulomatous and necrotizing vasculitis limited to the lung can be evidenced by a lung biopsy. The concept of formes frustes should be extended to lung-limited or lungdominant phenotype of EGPA.

To the editor,

The diagnosis of eosinophilic granulomatosis with polyangiitis (EGPA) is based on the combination of asthma, eosinophilia, and involvement of non-respiratory organs by the systemic vasculitis [START_REF] Lanham | Systemic vasculitis with asthma and eosinophilia: a clinical approach to the Churg-Strauss syndrome[END_REF]. Formes frustes of EGPA have been reported, with a single systemic nonrespiratory organ involved [START_REF] Churg | Formes frustes of Churg-Strauss syndrome[END_REF]. Herein, we report patients who have eosinophilic and necrotizing vasculitis of the lung corresponding to lung-limited or lung-dominant EGPA.

Hospital electronic records were reviewed from 2005 to 2018 for cases of video-assisted thoracoscopic lung biopsy-confirmed EGPA, and without systemic manifestations at diagnosis. Patients signed informed consent for retrospective data collection. The database complied with the requirements of the national data protection commission. The study was approved by the institutional review board of the Société de Pneumologie de Langue Française.

Case #1 had intractable cough and severe asthma (Table 1). Six months prior to presentation, she had experienced acute pancreatitis with spontaneous remission. A CT of the chest found bilateral peripheral pulmonary nodules with left pleural effusion (Figure 1) with increased uptake at 18-FDG-positron emission tomography. Surgical lung biopsy involving the largest nodule (12mm) found prominent eosinophilic infiltration of pulmonary arteries, granuloma with epithelioid and giant cells, eosinophilic pneumonia with airspace eosinophilia and eosinophilic necrosis, and eosinophilic bronchiolitis. Subsequently, she was treated with oral glucocorticoids (1mg/kg initially then tapered) and azathioprine, with long-term remission of symptoms but with persistent airflow obstruction.

Case #2 presented with intractable cough, dyspnea, fatigue, and 5-kg weight loss over 3 months, and persistent airflow obstruction. He had no history of asthma or allergy. Chest CT found mosaic pattern with bilateral bronchial wall thickening and minimal bronchiectasis. The patient was treated for 2 years with oral glucocorticoids required to control eosinophilia. Chest imaging was unchanged. After discontinuation of glucocorticoids, lung biopsy found marked alveolitis with accumulation of macrophages and eosinophils into alveolar and interstitial spaces, with eosinophilic abscesses. Eosinophilic infiltration of the vascular walls predominantly in the arterioles and capillaries was observed with no granuloma. Prominent eosinophilic bronchiolitis was also present. Glucocorticoids were resumed and continued for the next 16 years, together with azathioprine as a steroid-sparing agent. Hydroxyurea and interferon-α (90µg/week) were ineffective. Imatinib was not tolerated. Currently, the patient remains on low-dose oral prednisone, and mepolizumab has been initiated. Case #3 had been recently diagnosed with asthma and rhinosinusitis. CT-sinus found predominant right maxillofacial sinusitis. Chest CT was remarkable for bilateral peripheral subpleural alveolar opacities associated with thickening of interlobular septa with slight predominance in the lower lobes. The patient remained glucocorticoid-dependent with a minimal dose of 20mg/day prednisone because of relapsing eosinophilic asthma. Three years later, she presented with fatigue, dyspnea, diffuse consolidation at CT, and eosinophilia, despite 20mg/day oral prednisone. The lung biopsy found prominent eosinophilic infiltration of the alveolar airspace, interstitium, and the bronchial wall, as well as involvement of the small and medium lung vessels with eosinophilic necrotising granulomatosis, and eosinophilic bronchiolitis. She received 6 courses of intravenous cyclophosphamide followed by azathioprine for 2 years.

Currently, the patient remains in remission on 5mg/day prednisone and inhaled budesonide.

Benralizumab was initiated recently.

EGPA is by definition a systemic disease [START_REF] Jennette | 2012 revised International Chapel Hill Consensus Conference Nomenclature of Vasculitides[END_REF]. Herein, we report 3 patients with asthma, eosinophilia (in peripheral blood, BAL, and lung tissue), who had evidence of eosinophilic granulomatous infiltration, and eosinophilic and necrotizing vasculitis affecting the lung but no systemic manifestation other than rhinosinusitis in one case. We propose that they have a lunglimited (or lung-dominant) phenotype of EGPA, which has not been individualised previously, although a case very similar to the present cases was reported [START_REF] Divakaran | All That Wheezes[END_REF]. The patient had severe and persistent airflow obstruction, blood eosinophilia and subpleural lung consolidations, without systemic manifestations; diagnosis of EGPA was made by wedge-biopsy of the lung demonstrating eosinophilic vasculitis [START_REF] Divakaran | All That Wheezes[END_REF].

In the absence of systemic involvement, the diagnosis of lung-limited EGPA was only made possible by the lung biopsy. Case #1 also had a history of acute pancreatitis that, retrospectively, might have been related to the disease. Although a lung biopsy is generally performed neither in systemic vasculitis nor in eosinophilic pneumonia, it was warranted by the severity of the lung disease, chronicity of lung opacities, dependence to oral glucocorticoids, and, in case #1, suspicion of cancer. In all 3 patients, pathological examination of the lung found a combination of eosinophilic pneumonia, granulomatous and eosinophilic inflammation involving the pulmonary arteries, and necrotizing vasculitis characteristic of EGPA [START_REF] Jennette | 2012 revised International Chapel Hill Consensus Conference Nomenclature of Vasculitides[END_REF].

Lung imaging abnormalities were representative of various patterns observed in EGPA [START_REF] Kim | Pulmonary involvement in Churg-Strauss syndrome: an analysis of CT, clinical, and pathologic findings[END_REF][START_REF] Cottin | Respiratory manifestations of eosinophilic granulomatosis with polyangiitis (Churg-Strauss)[END_REF]. In addition, case #3 had thickening of interlobular septa and moderate bilateral pleural effusion, reminiscent of acute eosinophilic pneumonia [START_REF] Philit | Idiopathic acute eosinophilic pneumonia: a study of 22 patients[END_REF]. Pulmonary function found airflow obstruction, initially reversible but which progressed to persistent obstruction in cases #1 and #2, consistent with respiratory manifestations of EGPA [START_REF] Cottin | Respiratory manifestations of eosinophilic granulomatosis with polyangiitis (Churg-Strauss)[END_REF]. Only case #3 had chronic rhinosinusitis and polyposis characteristic of EGPA.

Potential mimics of EGPA were cautiously ruled-out. ANCAs, allergic skin tests, IgE and IgG specific for A. fumigatus, microbiology cultures, and anti-HIV antibodies were negative in all 3 patients. C-Kit and FIP1L1-PDGFRα mutations and peripheral blood T-cell clones were absent. Interestingly, cases #2 and #3 were initially misdiagnosed with idiopathic chronic eosinophilic pneumonia. However, persistence of eosinophilia despite low-dose glucocorticoids, disease course, and pathological features were definitely those of EGPA.

The observations reported herein underline that genuine histologic vasculitis typical of EGPA and limited to the lung may be present in the absence of systemic involvement, challenging the current nomenclature of EGPA [START_REF] Cottin | Revisiting the systemic vasculitis in[END_REF]. In the absence of non-pulmonary involvement, eosinophilic and necrotizing vasculitis in our patients cannot be definitely classified as EGPA. The American College Classification criteria [9], applicable when systemic vasculitis has already been demonstrated, may not apply in the setting of organ-limited forms of EGPA. All our patients had asthma and they don't fulfil the criteria of idiopathic eosinophilic (non-granulomatous, necrotizing) vasculitis recently described in non-asthmatic ANCA-negative patients [10].

In conclusion, persistent blood eosinophilia, asthma, imaging abnormalities on chest CT, and severe and protracted disease course despite oral glucocorticoids should alert physicians to the possibility of EGPA even in the absence of systemic manifestations and of ANCAs. In such cases, a lung biopsy, which needs to be discussed in a multidisciplinary setting, might provide invaluable information for the diagnosis and management. Eosinophil-rich capillaritis (#3). J: Eosinophilic bronchiolitis (#2).

Figure 1 .

 1 Figure 1. Chest CT (A-D) and histopathology (E-J) of lung-limited EGPA. A: Bilateral nodules

Table 1 .

 1 Characteristics of patients with lung-limited (or lung-dominant) eosinophilic granulomatosis with polyangiitis. ANCA, antineutrophil cytoplasmic antibodies; BAL, bronchoalveolar lavage; CT, computed tomography; FEV1, forced expiratory volume in one second; IgE, immunoglobulin E..

	Case	Sex and	Clinical and	Chest CT findings	Eosinophils	IgE	ANCA	Treatment received	Duration of
		age at	lung function						follow-up
		diagnosis							(years)
	#1	Female,	Severe asthma	Three nodular	Blood 700 /µL	132	Negative Inhaled corticosteroids	10
		49	FEV1 89%	consolidations associated	Pleural fluid	IU/µL		Oral prednisone	
			decreased to	with left pleural effusion	31%			Azathioprine	
			68%	(nodular pattern)					
	#2	Male,	Severe asthma	Mosaic pattern of ground	Blood 5500	2300	Negative Inhaled corticosteroids	27
		40	FEV1 38%,	glass attenuation with	/µL	IU/µL		Oral prednisone	
			transiently	tree-in-bud pattern and	BAL 29%			Hydroxyurea	
			improved to	bronchial wall thickening				Imatinib	
			63%	(bronchiolar pattern)				Interferon alpha	
								Azathioprine	
	#3	Female,	Severe	Bilateral thickening of	Blood 6320	260	Negative Inhaled corticosteroids	13
		44	asthma,	interlobular septa,	/µL	IU/µL		Cyclophosphamide	
			chronic	scattered subpleural	BAL 61%			Oral prednisone	
			rhinosinusitis	consolidations with				Azathioprine	
			and polyposis	ground glass attenuation					
			FEV 51%	(alveolar pattern)					
			then 116%						
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