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Introduction

The moulds from the Aspergillus genus are saprotrophic organisms of worldwide distribution.

Usually benign in immunocompetent hosts, the inhalation of Aspergillus spp airborne conidia are often cleared by muco-ciliary transport, without implantation of the pathogen in the lungs. [START_REF] Mortensen | A prospective survey of Aspergillus spp. in respiratory tract samples: Prevalence, clinical impact and antifungal susceptibility[END_REF] Bronchial colonization by Aspergillus sp., mainly Aspergillus fumigatus, can occur in immunocompetent hosts, usually with a predisposing chronic lung diseases. Fungal persistence can promote occurrences of allergic manifestations, such as in Allergic Broncho-Pulmonary Aspergillosis (ABPA), or evolve into chronic Aspergillus-related respiratory diseases, regrouped under the term Chronic Pulmonary Aspergillosis (CPA). [START_REF] Gago | Pathophysiological aspects of Aspergillus colonization in disease[END_REF] The different forms of CPA were recently defined [START_REF] Patterson | Practice guidelines for the diagnosis and management of aspergillosis: 2016 update by the infectious diseases society of America[END_REF][START_REF] Denning | Chronic pulmonary aspergillosis: Rationale and clinical guidelines for diagnosis and management[END_REF] and include cavitary CPA (CCPA), semiinvasive forms of pulmonary aspergillosis (SAIA), chronic fibrosing forms, simple aspergillomas and Aspergillus nodules. CPA have been an growing concern over the last years, particularly in developing countries where exposure to such pathogen and predisposing factors such as tuberculosis are more frequent. [START_REF] Page | Chronic pulmonary aspergillosis commonly complicates treated pulmonary tuberculosis with residual cavitation[END_REF][START_REF] Beardsley | Estimating the burden of fungal disease in Vietnam[END_REF][START_REF] Pfavayi | Determining the burden of fungal infections in Zimbabwe[END_REF] Estimates of burden worldwide related to CPA vary, depending on the methods but recent data suggests that no less than 3,000,000 people might suffer from a persistent form of Aspergillus-related pulmonary disease, [START_REF] Denning | Global burden of allergic bronchopulmonary aspergillosis with asthma and its complication chronic pulmonary aspergillosis in adults[END_REF][START_REF] Bongomin | Global and Multi-National Prevalence of Fungal Diseases-Estimate Precision[END_REF] with large variations between regions due to socio-economic discrepancies. [START_REF] Niu | Clinical features and outcome of patients with chronic pulmonary aspergillosis in China: A retrospective, observational study[END_REF][START_REF] Agarwal | Estimation of the burden of chronic and allergic pulmonary Aspergillosis in India[END_REF][START_REF] Aguilar-Company | Chronic pulmonary aspergillosis in a tertiary care centre in Spain: A retrospective, observational study[END_REF] In developed countries, where tuberculosis incidence is low, CPA remains nevertheless a matter of concern, as it complicates chronic pulmonary diseases such as emphysema and bronchiectasis. [START_REF] Maitre | Chronic Pulmonary Aspergillosis: Prevalence, favouring pulmonary diseases and prognosis[END_REF] It exposes patients to an important morbi-mortality, on one hand through its potentially life-threatening manifestations such as pulmonary destruction and hemoptysis, and on the other hand by complicating severe and chronic pulmonary conditions. [START_REF] Maitre | Chronic Pulmonary Aspergillosis: Prevalence, favouring pulmonary diseases and prognosis[END_REF] Series indeed report a mortality that can reach up to 50% at 3 years of follow-up. [START_REF] Ohba | Clinical characteristics and prognosis of chronic pulmonary aspergillosis[END_REF] Through an ongoing international effort to understand Aspergillus-related diseases, new questions and challenges constantly arise. [START_REF] Godet | A CPAnet consensus statement on research priorities for chronic pulmonary aspergillosis: A neglected fungal infection that requires attention[END_REF][START_REF] Barac | Chronic pulmonary aspergillosis update: A year in review[END_REF][START_REF] Kosmidis | Challenges in the management of chronic pulmonary aspergillosis[END_REF] Notably, some situations reveal particularities that complicate the management of CPA. Respiratory co-pathogens are frequent in these patients, often in connection with the predisposing condition for CPA, such as mycobacteria or prior bacterial colonizations. Mycobacteria and CPA share both similar clinical characteristics (hemoptysis, weight loss…) and radiological features (evolutive cavitary lesion with apical predominance and chronic pulmonary destruction), and both diseases can be active concomitantly, complicating their respective diagnosis. [START_REF] Phoompoung | Chronic pulmonary aspergillosis following nontuberculous mycobacterial infections: An emerging disease[END_REF][START_REF] Dellière | Concomitant Presence of Aspergillus Species and Mycobacterium Species in the Respiratory Tract of Patients: Underestimated Co-occurrence?[END_REF] Moreover, antifungal drugs and antituberculous antibiotics interact, [START_REF] Drayton | Coadministration of rifampin and itraconazole leads to undetectable levels of serum itraconazole[END_REF][START_REF] Moon | Effect of a 150 mg dose of rifabutin on serum itraconazole levels in patients with coexisting chronic pulmonary aspergillosis and Mycobacterium avium complex lung disease[END_REF] notably rifampicin with azole antifungals, which requires sequential or adapted treatments. [START_REF] Phoompoung | Chronic pulmonary aspergillosis following nontuberculous mycobacterial infections: An emerging disease[END_REF] Co-infections by Aspergillus and Mycobacteria, notably nontuberculous mycobacteria (NTM), have been reported with up to a two-fold higher mortality compared to other patients with CPA. [START_REF] Lowes | Predictors of mortality in chronic pulmonary aspergillosis[END_REF] In addition, involvement of Aspergillus species other than fumigatus has been reported in CPA [START_REF] Park | Chronic Pulmonary Aspergillosis due to Aspergillus niger[END_REF] and can challenge both diagnosis, e.g. by resulting in false negatives in serology and A.

fumigatus specific assays. Moreover, their variable sensitivity to antifungal azoles implies a more careful therapeutic strategy. [START_REF] Tsang | Rare/Cryptic Aspergillus Species Infections and Importance of Antifungal Susceptibility Testing[END_REF][START_REF] Chowdhary | Azole-resistant aspergillosis: Epidemiology, molecular mechanisms, and treatment[END_REF] Both of these particularities can delay the diagnosis and the effective treatment, exposing patients to an additional burden in morbi-mortality.

Lastly, overlapping syndromes between ABPA and CPA are now well recognized, [START_REF] Sehgal | Is There an Overlap in Immune Response Between Allergic Bronchopulmonary and Chronic Pulmonary Aspergillosis?[END_REF] but their evolution, prognosis and management is still unclear. ABPA can be an unpredictable disease, evolving by paroxysmal exacerbations, which can in turn exacerbate CPA life-threatening manifestations, such as hemoptysis. [START_REF] Yl | Clinical features of cystic fibrosis associated allergic bronchopulmonary aspergillosis in children]. Zhonghua er ke za zhi[END_REF] The cohort of patients followed by the Aspergillus Committee at CHUGA is an interesting source of real-life experience to these particular challenges from the different years of involvement in CPA care. [START_REF] Camara | Characteristics and outcomes of chronic pulmonary aspergillosis: A retrospective analysis of a tertiary hospital registry[END_REF] We will hence share our hindsight regarding the diagnosis, characteristics, comorbidities, prognosis and treatment strategies of 42 patients followed from 2004 to 2019 for CPA in our center.

Material & Methods

Study design

At Grenoble Alpes University Hospital, an Aspergillus Committee has been set-up for surveillance of Aspergillus-related diseases since 2000. [START_REF] Fourneret-Vivier | Hospital-wide prospective mandatory surveillance of invasive aspergillosis in a French teaching hospital (2000-2002)[END_REF][START_REF] Garnaud | Seven-year surveillance of nosocomial invasive aspergillosis in a French University Hospital[END_REF] Mycologists, clinicians and radiologists review monthly suspected cases of Aspergillus-related diseases, on serological or microbiological evidence, e.g., presence of hyphae or Aspergillus positive culture, Aspergillus- We followed rules of retrospective studies according to the French RNIPH (Recherche N'Impliquant pas la Personne Humaine) procedure where researchers are looking at retrospective data. Ethical clearance was obtained by July 2021. In cases of death, we looked at any objections reported by these patients within their medical files.

specific

Diagnosis criteria

The diagnosis was certified on the base of the criteria of ERJ guidelines: 

Laboratory findings

Before 2014, Aspergillus serology was obtained through an in-house recipe of recombinant antigens. [START_REF] Dumollard | Prospective evaluation of a new Aspergillus IgG enzyme immunoassay kit for diagnosis of chronic and allergic pulmonary aspergillosis[END_REF] In 2013, this assay was commercialized by Bordier, and validated by studies and latest meta-analysis. [START_REF] Chaves | Accuracy of serological tests for diagnosis of chronic pulmonary aspergillosis: A systematic review and meta-analysis[END_REF] Hence our technique for Aspergillus serology remained similar throughout the period of the study and was positively reviewed by experts in the field. [START_REF] Chaves | Accuracy of serological tests for diagnosis of chronic pulmonary aspergillosis: A systematic review and meta-analysis[END_REF] 

Clinical symptoms of CPA, weight loss and hemoptysis

Weight loss was frequent, with 14 patients reporting at least a loss of 10% of baseline weight and 

Azole treatment modalities

Overall, 67 courses of antifungal azole were initiated. Mean duration of azole treatment did not reduce after 2015 (Table 3), suggesting that, as current guidelines mention, [START_REF] Denning | Chronic pulmonary aspergillosis: Rationale and clinical guidelines for diagnosis and management[END_REF] CPA still often requires long-term treatments to maintain control over the disease. Thus, particular attention should be brought to the monitoring of both efficacy [START_REF] Godet | CT Imaging Assessment of Response to Treatment in Chronic Pulmonary Aspergillosis[END_REF] and toxicity of antifungal therapies. [START_REF] Alastruey-Izquierdo | Treatment of Chronic Pulmonary Aspergillosis: Current Standards and Future Perspectives[END_REF] Initial dose of antifungal treatment was reduced for 8 patients, either with underlying hepatic condition, age over 70 years-old or extreme leanness (BMI < 15 kg/m 2 ). Residual dosages were performed in 39 courses (58.2%). When available, they were underdosed in nearly half of the courses (19/39, 48.7%). As reported elsewhere, one of our patients revealed a cytochrome polymorphism which explained surprisingly low voriconazole dosages. [START_REF] Beaumier | Integrating anatomo-physiological changes and pharmacogenomics in anti-infective therapy management: is it a major concern?[END_REF] Most frequent adverse effects were cutaneous symptoms, mainly voriconazole-induced photosensitivity. One patient, treated by voriconazole between 2005 and 2007, developed a skin squamous cell carcinoma in 2019. Hepatic cytolysis occurred in two patients: one with chronic alcohol consumption but without diagnosed hepatic damage under Itraconazole then Posaconazole courses ; one in a patient with no preexisting hepatic condition for which the Voriconazole course had to be stopped. Among the five patients reporting an adverse effect in the second line of treatment, two already had adverse effects during the first line. Similarly, all three patients reporting adverse effects during the third line reported similar adverse effects during previous treatments (mainly cutaneous photosensitivity and rash). We did not report any neuropathy. All acute adverse effects were reversible after treatment discontinuation.

Contribution of surgery in the CPA care

Regarding surgery, one patient with extensive pulmonary damage underwent pulmonectomy, two patients benefited from culminectomy, five from simple lobectomy and three from thoracoplasty-resection. Eleven of our patients underwent surgery in most cases to control relapsing hemoptysis (6/11, 54.5%). Three patients had surgery because of weight loss of absence of weight gain under medical treatment, and two had a surgical resection to establish diagnosis. All procedures were electively performed.

Post-surgical complications (3 bleeding needing transfusion and 3 surgical site infections) all met favorable outcomes. There was no early mortality. One patient died sixteen months after the procedure, more likely due to the evolution of a metastatic lung carcinoma.

Three histological examinations revealed fungal filaments, one also showing eosinophilic infiltrates, evocative of Aspergillus-related disease. Six per-operative samples were addressed to the laboratory for fungal culture. Most remained sterile and one grew Penicillium spp.

Survival

Mean follow-up was 4.81 [SD 0.23-9.39] years. Eight patients died, occurring on average 129 [49 to 330] weeks from diagnosis (Figure 2A). One of them died during a massive hemoptysis.

One died of a severe pneumonia, initially attributed to seasonal influenza and co-infected by Aspergillus and Pseudomonas aeruginosa. Two patients died of undocumented pneumonia, with no evidence of active fungal infection on respiratory samples. We could not access specific data on their cause or contributing factors of the last four deaths. No significant difference in mortality risk was pointed between CCPA and SAIA patients (Figure 2B), p=0.19.

Discussion

Our cohort of 42 patients was composed by 33 patients with CCPA and 9 with SAIA. We report here their clinical, biological and radiological characteristics. Diagnostic was mainly supported by the A. fumigatus serology, which presents notable blind-spots for diagnosis and follow-up.

Our patients did not all benefit, for example, from repeated respiratory samples to assess the presence of co-pathogens, such as NTM or Pseudomonas aeruginosa, or to investigate possible azole resistance through fungal culture, either natural resistance in non-fumigati strains or acquired after an azole course. Among others, these challenges are put forward as future perspectives to clarify in CPA management. 15 We hereafter discuss how our patients' characteristics and management address these current challenges in CPA care, with our experience as a framework.

Patients' underlying condition

Underlying conditions exposing to CPA development has already been discussed elsewhere. [START_REF] Maitre | Chronic Pulmonary Aspergillosis: Prevalence, favouring pulmonary diseases and prognosis[END_REF][START_REF] Smith | Underlying conditions in chronic pulmonary aspergillosis including simple aspergilloma[END_REF] Most frequent underlying conditions were Chronic Obstructive Pulmonary Diseases (COPD) with emphysema and/or bronchiectasis, followed by prior mycobacterial infection. These observations match other European cohorts reporting around 40% underlying COPD, [START_REF] Maitre | Chronic Pulmonary Aspergillosis: Prevalence, favouring pulmonary diseases and prognosis[END_REF][START_REF] Lowes | Predictors of mortality in chronic pulmonary aspergillosis[END_REF] and 3 to 15% non-tuberculous mycobacteria. [START_REF] Maitre | Chronic Pulmonary Aspergillosis: Prevalence, favouring pulmonary diseases and prognosis[END_REF][START_REF] Smith | Underlying conditions in chronic pulmonary aspergillosis including simple aspergilloma[END_REF] Prior tuberculosis were less frequent in some cohorts, [START_REF] Maitre | Chronic Pulmonary Aspergillosis: Prevalence, favouring pulmonary diseases and prognosis[END_REF] but sometimes required stronger diagnostic criteria that in our cohort, where we considered self-reported history of tuberculosis. The cohort we reported in 2014 showed a slightly lower prevalence of COPD as predisposing condition, [START_REF] Camara | Characteristics and outcomes of chronic pulmonary aspergillosis: A retrospective analysis of a tertiary hospital registry[END_REF] possibly because of a lesser screening for CPA in these patients at the time. Emphysema and COPD are indeed associated with a high prevalence of bronchial colonization by Aspergillus, [START_REF] Shahi | Aspergillus colonization in patients with chronic obstructive pulmonary disease[END_REF] which itself is correlated to the risk of developing various Aspergillus-related diseases, notably CPA. [START_REF] Barberán | Development of Aspergillosis in a cohort of nonneutropenic, non-transplant patients colonised by Aspergillus spp[END_REF] However, awareness of this association has strongly grown over the last few years, and the higher prevalence of COPD in this current cohort is a probable consequence of a more important screening.

Among Mycobacteria, M. tuberculosis overall acts as a strong predisposing condition for CCPA, [START_REF] Page | Chronic pulmonary aspergillosis commonly complicates treated pulmonary tuberculosis with residual cavitation[END_REF][START_REF] Bongomin | Post-tuberculosis chronic pulmonary aspergillosis: An emerging public health concern[END_REF] all the more in countries with high tuberculosis prevalence. [START_REF] Agarwal | Risk factors and treatment outcomes in patients with chronic pulmonary aspergillosis[END_REF] After a year-long survey of patients followed for tuberculosis in Iran, 11.3% developed CPA, [START_REF] Hedayati | Prevalence of chronic pulmonary aspergillosis in patients with tuberculosis from Iran[END_REF] and some hospitals in Japan exhibit up to 50% patients with prior tuberculosis in their cohorts. [START_REF] Ohba | Clinical characteristics and prognosis of chronic pulmonary aspergillosis[END_REF] In western Europe, it could follow less than 1 per 100,000 cases of tuberculosis, [START_REF] Denning | Global burden of chronic pulmonary aspergillosis as a sequel to pulmonary tuberculosis[END_REF] and represent an underlying condition for up to 21% of patients previous studies. [START_REF] Maitre | Chronic Pulmonary Aspergillosis: Prevalence, favouring pulmonary diseases and prognosis[END_REF][START_REF] Lowes | Predictors of mortality in chronic pulmonary aspergillosis[END_REF][START_REF] Camara | Characteristics and outcomes of chronic pulmonary aspergillosis: A retrospective analysis of a tertiary hospital registry[END_REF] NTM are also frequently reported as predisposing conditions, with specific risk factors, depending on the specie for example, with M. abscessus infections allegedly more at risk to result in CPA. [START_REF] Jhun | Risk factors for the development of chronic pulmonary aspergillosis in patients with nontuberculous mycobacterial lung disease[END_REF] Our cohort reports similar rates of prior NTM to other European series. [START_REF] Lowes | Predictors of mortality in chronic pulmonary aspergillosis[END_REF] A history of cancer was present in 11 patients (26.2%). Cancer survivors were quite numerous (5/42, 12%), as reported before, [START_REF] Agarwal | Developments in the diagnosis and treatment of allergic bronchopulmonary aspergillosis[END_REF][START_REF] Bongomin | Post-tuberculosis chronic pulmonary aspergillosis: An emerging public health concern[END_REF] either having surgical or radiotherapy sequela. Among active cancer, 4 were receiving anti-tumoral chemotherapy, all with SAIA.

Clinical symptoms of CPA, weight loss and hemoptysis

Most of our patients were underweight, with a BMI inferior to 21 kg/m 2 . In our previous cohort of patients with CPA, an over-risk of mortality estimated at 1.2 OR per 1 kg/m2 decreased in BMI. [START_REF] Camara | Characteristics and outcomes of chronic pulmonary aspergillosis: A retrospective analysis of a tertiary hospital registry[END_REF] Other observations corroborate that nutritional status is a crucial determinant of survival, either by reporting a statistical difference in BMI between CPA and Aspergillus bronchial colonizations (respectively 17,1 kg/m 2 versus 20 kg/m 2 ) [START_REF] Ohba | Clinical characteristics and prognosis of chronic pulmonary aspergillosis[END_REF] or by assessing that low sera albumin is also associated with poor prognosis (with each decreasing g/L associated with an OR of 0.92 of survival). [START_REF] Lowes | Predictors of mortality in chronic pulmonary aspergillosis[END_REF] Implicating that nutritional status is relevant in the evolution and prognosis in CPA is rational, as it has been reported to be a major determinant in inflammatory and chronic pulmonary diseases, with a notable impact on COPD outcomes [START_REF] Aniwidyaningsih | Impact of nutritional status on body functioning in chronic obstructive pulmonary disease and how to intervene[END_REF][START_REF] Scoditti | Role of Diet in Chronic Obstructive Pulmonary Disease Prevention and Treatment[END_REF] and tuberculosis care, [START_REF] Martin | Malnutrition and Associated Disorders in Tuberculosis and Its Therapy[END_REF] which are the major underlying diseases of CPA.

Hemoptysis was reported by 60% of our patients, which corroborates the prevalence in other series. [START_REF] Izumikawa | Pathogenesis and clinical features of chronic pulmonary aspergillosis-Is it possible to distinguish CNPA and CCPA clinically?[END_REF] In CPA, hemoptysis can result from three mechanisms : either because of inflammatory neovascularization, as seen in bronchial diseases and fungal balls for example [START_REF] Yoshizaki A | Fatal Hemoptysis Due to Endobronchial Aspergilloma in the Hyperinflated Native Lung after Single-Lung Transplantation for Lymphangioleiomyomatosis: A Case Report[END_REF] ; or secondary to the rupture of a mycotic aneurysm [START_REF] Piracha | Massive haemoptysis secondary to mycotic pulmonary artery aneurysm in subacute invasive aspergillosis[END_REF] ; or lastly because of vascular erosion by the progression of the inflammatory cavity. For most situations, in our cohort as reported by other authors, either resuming an azole course, or with a specific treatment of hemoptysis (tranexamic acid, terlipressin or embolization) allowed a definitive cessation of the bleeding. [START_REF] Khalil | Severe hemoptysis: From diagnosis to embolization[END_REF][START_REF] Didier | Pulmonary arterial mycotic pseudoaneurysms in a patient with invasive pulmonary aspergillosis: Successful occlusion by coils[END_REF] However, hemoptysis relapse is frequent in CPA. [START_REF] Ando | Exacerbation of chronic pulmonary aspergillosis was associated with a high rebleeding rate after bronchial artery embolization[END_REF] Our patients exhibited uncontrolled hemoptysis, either fatal or relapsing after treatment in 21.8% of cases, which were statistically associated with bronchial Pseudomonas aeruginosa colonization and ABPA, suggesting that chronic bronchial inflammation aggravates hemoptysis in CPA. As seen in the case report of our patient with an overlapping syndrome of ABPA and CPA (Boxes 1-3), unresolving hemoptysis is a sign of uncontrolled disease and therapeutical escalation to surgical alternatives should be considered in such case. [START_REF] Giang | Hemoptysis from complex pulmonary aspergilloma treated by cavernostomy and thoracoplasty[END_REF] 

Overlapping syndromes

CPA can overlap with other pulmonary aspergillosis. [START_REF] Kosmidis | The clinical spectrum of pulmonary aspergillosis[END_REF] Notably, CPA and ABPA can be overlapping. [START_REF] Sehgal | Is There an Overlap in Immune Response Between Allergic Bronchopulmonary and Chronic Pulmonary Aspergillosis?[END_REF][START_REF] Li | Pulmonary Aspergillus Overlap Syndromes[END_REF] Among our patients, around 16% showed CPA-ABPA overlapping syndromes, matching the 12 to 14% found in the literature. [START_REF] Lowes | Predictors of mortality in chronic pulmonary aspergillosis[END_REF][START_REF] Smith | Underlying conditions in chronic pulmonary aspergillosis including simple aspergilloma[END_REF] Interestingly, although some criteria such as A. fumigatus serology are met in both CPA and ABPA criteria, some other criteria are more challenging in CPA-ABPA syndromes. For example, CPA cavities are often concomitant to other inflammatory pulmonary infiltrates, [START_REF] Desai | Chronic Aspergillosis of the Lungs: Unravelling the Terminology and Radiology[END_REF][START_REF] Ando | Pathophysiological implication of computed tomography images of chronic pulmonary aspergillosis[END_REF] and long-term follow-up is likely necessary to link radiological manifestations to either disease. In our cohort, 24 out of 42 patients showed bronchiectasis, which is an evocative sign of ABPA on CT-scans, [START_REF] Agarwal | Developments in the diagnosis and treatment of allergic bronchopulmonary aspergillosis[END_REF] but only three of them screened positive for ABPA. Relying on specific A. fumigatus IgE might also be confounding, since, as described hereafter, some of our patients were colonized by non-fumigatus species. [START_REF] Asano | Allergic bronchopulmonary mycosispathophysiology, histology, diagnosis, and treatment[END_REF][START_REF] Pasqualotto | An aspergilloma caused by Aspergillus flavus[END_REF] Treatment of ABPA currently relies in first place of glucocorticoids, though anti-fungal azoles are also suggested as complementary treatment in highly symptomatic patients. [START_REF] Agarwal | Developments in the diagnosis and treatment of allergic bronchopulmonary aspergillosis[END_REF] However, systemic corticosteroid courses in CPA are associated with poor outcomes [START_REF] Naito | Prognosis of chronic pulmonary aspergillosis in patients with pulmonary non-tuberculous mycobacterial disease[END_REF] and risks of evolution towards invasive aspergillosis. [START_REF] Ader | Invasive pulmonary aspergillosis in chronic obstructive pulmonary disease: An emerging fungal pathogen[END_REF] Antifungal azoles have moreover been proven to be efficient in symptomatic control of patients with ABPA, [START_REF] Chishimba | Voriconazole and posaconazole improve asthma severity in allergic bronchopulmonary aspergillosis and severe asthma with fungal sensitization[END_REF] with Itraconazole showing equivalent efficacy to glucocorticoids and less adverse effects in the long term in a randomized controlled trial. [START_REF] Agarwal | A Randomized Trial of Itraconazole vs Prednisolone in Acute-Stage Allergic Bronchopulmonary Aspergillosis Complicating Asthma[END_REF] In CPA-ABPA overlapping syndromes, systemic corticosteroid should be avoided and symptoms of ABPA should be reassessed during the antifungal treatment on regular follow-ups, that current guidelines recommend every 3 to 6 months. 4

Detection of A. fumigatus and non-fumigatus Aspergilli

All patients in our cohort were primarily diagnosed on a positive A. fumigatus serology, however respiratory sampling is crucial for fungal culture and resistance profiling. Respiratory samples are usually reported to have positive fungal cultures in 17% to 32% of cases in the literature, [START_REF] Gago | Pathophysiological aspects of Aspergillus colonization in disease[END_REF] though abundant sampling through BA was known to improve the sensibility up to 60% in ABPA patients, [START_REF] Chakrabarti | Eight-year study of allergic bronchopulmonary aspergillosis in an Indian teaching hospital[END_REF] which has since been observed in larger studies in CPA. [START_REF] Godet | CT Imaging Assessment of Response to Treatment in Chronic Pulmonary Aspergillosis[END_REF] Our prevalence of positive culture on all respiratory samples was at 24% for BAL to 29% for repeated sputum samples (Table 2), but among the 30 patients which had a BA examined for fungal cultures, only 13 (43.3%) had repeated samples (at least two) during the three year period surrounding the diagnosis, which is probably insufficient to achieve the 60% positivity reported in other studies. [START_REF] Godet | CT Imaging Assessment of Response to Treatment in Chronic Pulmonary Aspergillosis[END_REF][START_REF] Chakrabarti | Eight-year study of allergic bronchopulmonary aspergillosis in an Indian teaching hospital[END_REF] We nevertheless preferred BA to BAL for culture, with undiluted samples, as recommended. [START_REF] Denning | Diagnosing pulmonary aspergillosis is much easier than it used to be: A new diagnostic landscape[END_REF] However, most of our patients had sputum sampling, which is reported as having low sensitivity for Aspergillus detection, even immediately post-bronchoscopy. [START_REF] Fayemiwo | Comparative performance of Aspergillus galactomannan ELISA and PCR in sputum from patients with ABPA and CPA[END_REF] PCR for A. fumigatus and Galactomannan in respiratory samples were rarely used among our patients. 71- 73 However, A.fumigatus specific PCR but does not currently appear in the definition of CPA, and thus should be reserved for case where all other biomarkers are negative and radiology is strongly evocative. If used, PCR should be preferably realized on undiluted BA, or optionally BAL. [START_REF] Fraczek | Volume dependency for culture of fungi from respiratory secretions and increased sensitivity of Aspergillus quantitative PCR[END_REF] Regarding Galactomannan in respiratory samples, its sensitivity around 75% in CCPA [START_REF] Izumikawa | Bronchoalveolar lavage galactomannan for the diagnosis of chronic pulmonary aspergillosis[END_REF] and up to 90% in SAIA patients [START_REF] Meersseman | Galactomannan in bronchoalveolar lavage fluid: A tool for diagnosing aspergillosis in intensive care unit patients[END_REF] can complement fungal cultures and should allow it to should find its way in the physicians' diagnostic toolbox when suspecting CPA.

Non-fumigatus species of Aspergilli in CPA are frequently reported, up to 20% of incriminated species in high prevalence regions, such as South-East Asia. [START_REF] Agarwal | Risk factors and treatment outcomes in patients with chronic pulmonary aspergillosis[END_REF] Our prevalence of non-fumigatus Aspergillus matches other European cohort where A. fumigatus is more common. [START_REF] Lowes | Predictors of mortality in chronic pulmonary aspergillosis[END_REF] These species are challenging in diagnosis, as specific immunological markers such as specific serology or IgE for A. fumigatus might appear negative, although serological cross-reaction between species is common. [START_REF] Huang | Diagnostic cut-off value for Aspergillus fumigatus-and flavus-specific IgG with clinical relevance in chronic pulmonary Aspergillus infection: A pilot study in Taiwan[END_REF] In these situations, specific serologies or pan-Aspergillus PCR on BA or BAL might then be considered. [START_REF] Zhao | Direct molecular diagnosis of aspergillosis and CYP51A profiling from respiratory samples of french patients[END_REF] Secondly, treatment outcomes for non-fumigatus Aspergilli might be more uncertain, because of the variability of resistance profile to antifungal therapies in Aspergillus species. [START_REF] Tsang | Rare/Cryptic Aspergillus Species Infections and Importance of Antifungal Susceptibility Testing[END_REF] For example, A. niger and A. flavus are considered less susceptible to azoles, notably to Itraconazole and Voriconazole, [START_REF] Diekema | Activities of Caspofungin, Itraconazole, Posaconazole, Ravuconazole, Voriconazole, and Amphotericin B against 448 Recent Clinical Isolates of Filamentous Fungi[END_REF][START_REF] Cuenca-Estrella | Head-to-Head Comparison of the Activities of Currently Available Antifungal Agents against 3,378 Spanish Clinical Isolates of Yeasts and Filamentous Fungi[END_REF] with CMI generally estimated at one two-fold dilution higher than for A. fumigatus. [START_REF] Committee | European Committee on Antimicrobial Susceptibility Testing Breakpoint tables for interpretation of MICs and zone diameters European Committee on Antimicrobial Susceptibility Testing Breakpoint tables for interpretation of MICs and zone diameters[END_REF] A. flavus in Asia 8283 and South-America [START_REF] Hermida-Alava | Antifungal susceptibility profile and molecular identification of Cyp51C mutations in clinical and environmental isolates of Aspergillus flavus from Argentina[END_REF] have been reported to exhibit various resistance profiles to azoles, both in the environment and in human pathology.

Although, in our cohort, all non-fumigatus Aspergilli showed susceptible profiles to azoles with low MIC (usually ≤ 0.25mg/L), except the A. ustus strain which had intermediate susceptibility for Voriconazole and Posaconazole (MIC = 1.5mg/L) and hence was treated with Itraconazole.

Residual dosages for azoles were always screened in these patients. None of these patients showed a satisfying radiological response as defined by the ACHROSCAN study, [START_REF] Godet | CT Imaging Assessment of Response to Treatment in Chronic Pulmonary Aspergillosis[END_REF] suggesting that we did not achieve control over their disease. Notably, even the patients with surgical management showed signs of relapse (Box 3).

It is interesting to note also that all six patients reported hemoptysis at least once, in spite of similar radiological features and no difference in bacterial bronchial colonization compared to other patients. Three of them relapsed after initiation of azole, and one relapsed after embolization (Box 2). Among these patients, one lacked trough dosage but all others were appropriately monitored. This could be interpreted in two ways. Either non-fumigatus strains are more aggressive than their fumigatus counterpart or induce a stronger inflammatory response, e.g. through the differences in conidiae structures or mycotoxin production [START_REF] Pasqualotto | Differences in pathogenicity and clinical syndromes due to Aspergillus fumigatus and Aspergillus flavus[END_REF][START_REF] Etzel | What the Primary Care Pediatrician Should Know about Syndromes Associated with Exposures to Mycotoxins[END_REF][START_REF] Wong | Lung inflammation caused by inhaled toxicants: A review[END_REF] ; or patients which are colonized by non-fumigatus strains have more severe underlying conditions, exposing them more to hemoptysis.

Either way, patients colonized by non-fumigatus Aspergilli in our cohort revealed diseases particularly severe, with higher risk of hemoptysis, and might require for physicians to discuss surgical options.

Paraclinical sampling for assessment of co-infections and co-colonizations

NTM and tuberculosis, as well as being notorious predisposing conditions to CPA, can challenge diagnosis due to clinical and radiological features similar to CPA. [START_REF] Phoompoung | Chronic pulmonary aspergillosis following nontuberculous mycobacterial infections: An emerging disease[END_REF] Our cohort reports 4 patients (9.5%) with a history of NTM, of which one had an active NTM infection at the moment of CPA diagnosis. NTM and Aspergillus are a frequent co-occurrence in chronic pulmonary diseases, with reports stating that 7.1% of patients with positive samples for Aspergillus also reveal positive samples for NTM. [START_REF] Dellière | Concomitant Presence of Aspergillus Species and Mycobacterium Species in the Respiratory Tract of Patients: Underestimated Co-occurrence?[END_REF] However, not all these patients were diagnosed with CPA. CPA following NTM infections have been reported to have poorer prognosis. [START_REF] Lowes | Predictors of mortality in chronic pulmonary aspergillosis[END_REF] Conversely, CPA complicating NTM also severely impacts mortality rate. [START_REF] Fukushima | New/different look at the presence of aspergillus in mycobacterial pulmonary diseases. Long-term retrospective cohort study[END_REF] Thus both entities must be sought concomitantly. NTM diagnosis relies on a thorough sampling, by three sputum per patient, preferably a few days apart from each other, while for M. tuberculosis some suggest that two samples and/ or a PCR on endoscopic samples are sufficient. [START_REF] Mase | Yield of serial sputum specimen examinations in the diagnosis of pulmonary tuberculosis: a systematic review[END_REF][START_REF] Hamdi | Utility of Mycobacterium tuberculosis PCR in ruling out active disease and impact on isolation requirements in a low prevalence setting[END_REF] Though we meet the observations of other authors on the prevalence of NTM in our cohort, only 18 patients had at least 3 samples for NTM assessment, indicating that NTM is insufficiently sought in our current practice.

The severity of co-infections by Aspergillus and NTM are commonly explained by the drug interactions their specific treatments are exposed to. [START_REF] Drayton | Coadministration of rifampin and itraconazole leads to undetectable levels of serum itraconazole[END_REF][START_REF] Moon | Effect of a 150 mg dose of rifabutin on serum itraconazole levels in patients with coexisting chronic pulmonary aspergillosis and Mycobacterium avium complex lung disease[END_REF] One patient in our cohort illustrates the complexity and severity of these co-infections. He was diagnosed with a concomitant infection at the time of CPA diagnosis in 2008 and started both lines of treatment simultaneously. He unfortunately died shortly after of a massive hemoptysis. As we do not have any trough dosage for azoles for this patients, one can suggest that a drug interaction might have been responsible

for a decrease in efficiency in antifungal treatment.

Overall, however, we did not report significantly more mortality in our cohort in patients with prior NTM diseases.

Azole treatment modalities

Because of the retrospective nature of our study and the long time period evaluated, we probably underestimated the frequency of minor adverse effects. However, treatment discontinuation because of major adverse effects was rare, as reported before in prospective studies. [START_REF] Cadranel | Voriconazole for chronic pulmonary aspergillosis: A prospective multicenter trial[END_REF][START_REF] Sambatakou | Voriconazole Treatment for Subacute Invasive and Chronic Pulmonary Aspergillosis[END_REF] Interestingly, we also observed that patients who reported cutaneous adverse effects during a prior treatment were more likely to report similar adverse effects on later courses, joining other authors who also reported more adverse effects during second or third lines of treatment. [START_REF] Bongomin | Isavuconazole and voriconazole for the treatment of chronic pulmonary aspergillosis: A retrospective comparison of rates of adverse events[END_REF] Aspergillus cultures for investigating acquired azole resistances in were done before of 20 out of 29 second-or third-line antifungal courses in our cohort, but only 7 patients among these benefitted from a bronchial endoscopy in this purpose. Although recent publications suggest that azole-therapy is a very potent trigger to resistance-emergence in A. fumigatus, with some teams reporting up to 75% of resistance strains documented in A. fumigatus under ongoing treatment. [START_REF] Moazam | Positive Aspergillus PCR as a marker of azole resistance or sub-therapeutic antifungal therapy in patients with chronic pulmonary aspergillosis[END_REF] Emerging resistance might appear early in the antifungal course, with some reporting 10% of Mortality in CPA at 5 years in recent studies vary between 38% and 52%. [START_REF] Lowes | Predictors of mortality in chronic pulmonary aspergillosis[END_REF] Our low mortality rate can be explained by the long-term retrospective nature of our study, which faces the risk of underlooking patients death. However, common reported risk factors of mortality in CPA such as fungus balls, [START_REF] Lowes | Predictors of mortality in chronic pulmonary aspergillosis[END_REF]101 BMI under 20kg/m 2 were less frequently met in our cohort. [START_REF] Ohba | Clinical characteristics and prognosis of chronic pulmonary aspergillosis[END_REF][START_REF] Camara | Characteristics and outcomes of chronic pulmonary aspergillosis: A retrospective analysis of a tertiary hospital registry[END_REF] Another explanation is the activity of the Aspergillus Committee, which monthly guides physicians through the management of Aspergillus-related diseases, and might contribute to a closer followup of these patients.

No significant association was found between mortality and non-fumigati species of Aspergillus, MNT history, concomitant bacterial colonization or history of hemoptysis.

No statistical difference was observed in mortality between SAIA and CCPA (Figure 2B).

This study benefits from the multi-disciplinary expertise of the Aspergillus Committee of our hospital, which registers more than twenty years of experience in Aspergillus-related diseases.

The Grenoble CPA cohort has already answered to relevant questions of nutritional status and predictive factors of mortality in patients with CPA. [START_REF] Camara | Characteristics and outcomes of chronic pulmonary aspergillosis: A retrospective analysis of a tertiary hospital registry[END_REF] We choose to report both CCPA and SAIA because of the similarities of their clinical presentations (hemoptysis and weight loss), 102 radiological features (cavitary lesions due to Aspergillus-induced inflammation and necrosis) and therapeutic strategies (long-term azoles [START_REF] Sambatakou | Voriconazole Treatment for Subacute Invasive and Chronic Pulmonary Aspergillosis[END_REF] 

Conclusion

This study of 42 patients over 15 years aimed to share our experiences and to increase awareness on CPA, a severe condition complicating courses of chronic respiratory diseases. Their underlying conditions, biological and radiological features were consistent with the available European series, with the exception for a low rate of mortality, at 19% over a 5-year median follow-up. This could reflect both the retrospective nature of our study and the added value of the Aspergillus Committee in CPA management. However, complex situations described in the current literature, such as NTM co-infections, emerging resistances after antifungal treatment and overlapping CPA-ABPA syndromes remained inconsistently screened, revealing progress still to be made in clinical management of CPA. Now that CPA benefits from a larger understanding, challenges raised by co-pathogens, cryptic Aspergilli, avec overlap syndromes need to be assessed through prospective studies.

  antibody reaction or positive Aspergillus antigenemia. History of patients who were registered throughout the year 2004 to 2019 with a diagnosis of CPA or SAIA in the hospital database were examined for the present study. Medical histories were further reviewed by a resident in pulmonology and infectious diseases, and two senior clinicians, specialized in the field of pulmonary Aspergillosis (Figure 1) to confirm the diagnosis in the light of the latest definitions.

Figure 1 .

 1 Figure 1. Flow chart for including patients with Chronic Pulmonary Aspergillosis and Sub-Acute Invasive Aspergillosis. CCPA : Chronic Cavitary Pulmonary Aspergillosis; CPA : Chronic Pulmonary Aspergillosis ; SAIA : SubAcute Invasive Aspergillosis.

Figure 2 .

 2 Figure 2. Survival of patients with Chronic Pulmonary Aspergillosis and Sub-Acute Invasive Aspergillosis. Survival curves for all patients (2A.) and for each group of disease (2B.): patients with Cavitary Chronic Pulmonary Aspergillosis (Cavitary) versus patients with Sub-Acute Invasive Aspergillosis (SAIA). No difference in mortality was significantly found in our cohort between the two groups. Vertical lines represent censored patients. Mean follow-up duration was 251 weeks.

  and surgery 103 ). However, defining criteria in CPA evolved during our follow-up, in 2015, and CPA diagnosis can exhibit specificities which require a trained specialist to recognize it. Hence, we first thoroughly confirmed diagnosis of our patients with a board of two experts in the field. This strength in our methodology allows us to confidently report our experience on CPA diagnosis, characteristics, and management, as well as current challenges highlighted by the literature through 42 cases of certain diagnosis. The retrospective nature of our study, however, exposes us to other bias, notably with the risk of loss to follow-up during the 15 years of our analysis.Particular issues and challenges in CPA addressed by our results, with a focus on relevant co-pathogens, such as NTM infections and Pseudomonas aeruginosa colonization, on non-fumigati species and emerging resistance strains of Aspergillus and on overlapping syndromes of CPA-ABPA, should benefit from the conclusions of larger prospective studies to guide physicians in their management.

  

  

  

  -A toutes les équipes infirmières, de Pneumo, d'Onco Tho et de Mal Inf, qui ont du essuyer mes éclats de voix impertinents, mes blagues discutables et mes débuts timides. Aux survivantes des guerres du Movicol et des gâteaux Lasilix. A celles et ceux avec qui on a traversé les nuits compliquées, de fibro-aspirations, de transferts en réanimation et d'appels de familles à 2h du matin… Merci d'avoir été là pour moi, merci d'être là pour les internes. -A Marion, l'enthousiaste aux cheveux roses qui m'a rejoint à mi-chemin sur un semestre qu'on m'avait promis solitaire. -A Marie Louvel et Emmanuelle Jacquet, les deux oncologues stars du 6eB. -A Marie Suzanne, Tiff' et Anaïs Gouttenoire qui ont quitté le confort de leurs services respectifs pour se serrer les coudes dans les bureaux de la pneumo. -Aux collègues du 8e, Emilie et Caro dont la sympathie rendait plus respirables les effluves d'animalerie et de produits toxiques. -A Nicolas, Pierre et Marie les Bi-chatons avec qui j'ai quelques verres de retard à rattraper. -A Sarah, l'amie de longue date qui traine avec elle un soleil chaud de bons souvenirs et de valeurs humaines, et les deux ploutotypes qui gravitent autour, imprévisibles. -Les fiers Nîmois, tous ceux qui se retrouvent tous les ans pour fêter les ferias et les Der des Der, insatiables de bonne ambiance et nuits blanches, et notamment à Cédric dont on a perdu la trace dans le sable de Guadeloupe, à Tom, Laurent, Thibault et Babast, les guignols de la P2 qui ont quand même réussi à vivre loin les uns des autres, à Amélie, Yas, Turpin, Olguiche et Richomme, les daronnes du tuto, à Dorian et Tarik, les copains au chapeau, à Marie qui nous réunit tous les ans (et qui finira bien par m'aimer un jour) et tous les autres qui rendent notre promo fantastique et toujours soudée. -Les plus jeunes aussi, Julien, Clément, Justine, Simon, qui ont continué à m'inviter même après la fin de Game of Thrones, Stella et Tiborou qui nous suivent en balade. -Les expatriés du sud qui ont été autant de repères dans une ville nouvelle que d'amis : Lisa la vieille dame aux chiens, PJ l'éternel satisfait, Sab et ses coups de pinceaux, Eve la voisine de Loïc et Marie, qui me trainent depuis la PACES et qui sont une source constante de sourires et de bons moments. -A Clément et Océane, les cross-fiteurs les moins énervés et les plus agréables que j'ai eu l'occasion que croiser et qui ont rendu mon séjour grenoblois un peu plus lumineux.

-A Oriane, Marine, Morgane, Imad, Joris, Giang, Laura et Léa qui ont fait de la microbiologie un petit cocon confortable pour le clinicien que je suis, a coup de ROS, de pauses midis et d'horaires « flexibles ». -Le Dr Lionnel Bubu et le ballon d'or Julien Andréani qui m'ont coaché sur les séances babyfoot obligatoires du stage en bactériologie. -Les gars du début : Benoit Lohberger & Arnaud Tanty et nos soirées private « dictaphones ». Je sais que ça vous manque. -Les gars de 2016 : Justin Benet, le co-interne sauvage et indocile qui sait se laisser apprivoiser lentement en ami de confiance, et le regretté Malik Ferjani, qui nous a fait connaître le deuil par le vide qu'il a laissé. pallier, et Schach qui s'est retrouvée là sans trop savoir comment (personne n'a encore payé ta rançon). -A Sophia, Romuk et Pauline qui pétillaient d'une ambiance différente, où on se sent en sécurité. -A Marie et Jonathan, les copains alpins qui sont partis s'installer à la plage… gardez-nous une place dans la chambre des jumeaux ! -A

  Paps, coach scientifique et sportif qui nous a transmis les super-pouvoirs de pas se laisser marcher sur les pieds, d'avoir confiance en nous et de s'endormir sur le canapé.-A la petite Mams, championne de la bienveillance et de l'émotion, qui nous a transmis les dons exceptionnels d'agir avec humanité et empathie et de faire des recherches sur google façon CIA. -A Elvina, ma twin-twin qui ne cesse année après année de m'inspirer admiration et fierté, et à Claire dont la sympathie et l'enthousiasme la réchauffent au quotidien comme un préfou. -A Anne-Lise et Claire, qu'on retrouve avec plaisir de plus en plus aux réunions de famille et grâce à qui on a eu les masques les plus stylés de Grenoble en 2020.
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	Geo » et « le petit chameau » sans prendre en titre. -A Nanie, la grand-mère qui a fait de nous des éveillés, en nous cajolant de « câlins-traitement. Des mycobactéries non tuberculeuses ont été documentées pour 9,5 % des patients, currently treated. Non-tuberculous mycobacteria were documented for 9.5% of patients, but the
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	A Carla, qui jour après jour, fait de moi quelqu'un de meilleur, de plus humain, de plus raisonnable et de plus bronzé en me tirant pour des balades et des milk-shakes au moindre rayon de soleil. A force d'encouragements et de bienveillance, elle est une des architectes de mes succès. (35,7 %) avaient une colonisation bronchique bactérienne concomitante. Six patients (14,2%) colonization. Six patients (14.2%) were infected by a non-fumigatus Aspergillus. Occurrence of
	A Brandade, qui n'arrête pas de miauler pendant que j'écris ces interminables remerciements parce que étaient infectés par un Aspergillus non fumigatus. La survenue d'une hémoptysie était
	je ne l'ai pas nourrie depuis les 18 dernières minutes (espèce de monstre), mais qu'on excuse toujours quand elle vient ronronner sur nos genoux. significativement associée aux souches non-fumigatus (p=0,019). Les hémoptysies récidivantes
	après traitement étaient plus fréquentes chez les patients atteints d'aspergillose broncho-
	pulmonaire allergique (OR = 16 [1,22 ; 211], p=0,014) ou de colonisation bronchique par
	Pseudomonas aeruginosa (OR = 35 [1,46 ; 840], p=0,002). 90,5% des patients ont été traités par
	antifongique azolé, dont 55% et 21,1% respectivement ont ensuite eu une deuxième et troisième
	ligne. Des effets indésirables sont survenus dans 32,8% des lignes, principalement cutanés

hemoptysis was significantly associated with non-fumigatus strains (p=0.019). Hemoptysis was likely to relapse in patients with Allergic Broncho-Pulmonary Aspergillosis (OR = 16

[1.22; 

211], p=0.014) or Pseudomonas aeruginosa bronchial colonization (OR = 35

[1.46

; 840], p=0.002). Azole treatments were delivered for 90.5% of patients, of which 55% and 21.1% respectively then resumed a second and third line. Adverse effects occurred in 32.8% of courses, mostly cutaneous (45.5%) and hepatic (22.7%). Acquired resistances in Aspergillus before second or third lines were investigated by endoscopic samples in 24.1% of cases. Mortality at 5

  ABPA was defined on current definition by Agarwal et al.[START_REF] Agarwal | Allergic bronchopulmonary aspergillosis: Review of literature and proposal of new diagnostic and classification criteria[END_REF][START_REF] Agarwal | Developments in the diagnosis and treatment of allergic bronchopulmonary aspergillosis[END_REF] : two major criteria (must be present) being A. fumigatus-specific Immunoglobulin E (IgE) > 0.35 kUA/L and total IgE > 500 kUI/L (can be below if all other criteria are present), with at least two out of three minor criteria,

	being evocative radiological features, eosinophil count over 500 cells/L and/or positive serology
	for A. fumigatus.
	Patients were usually not immunocompromised by cancer chemotherapy or immunosuppressive
	therapy. A cut-off of 10mg prednisolone daily (or equivalent) was tolerated. Invasive pulmonary
	aspergillosis and single aspergilloma were excluded.

4 -CCPA: "One or more pulmonary cavities (with either a thin or thick wall) possibly containing one or more aspergillomas or irregular intraluminal material, with serological or microbiological evidence implicating Aspergillus spp. with significant pulmonary and/or systemic symptoms and overt radiological progression (new cavities, increasing pericavitary infiltrates or increasing fibrosis) over at least 3 months of observation." -SAIA: "Invasive aspergillosis, usually in mildly immunocompromised patients, occurring over 1-3 months, with variable radiological features including cavitation, nodules, progressive consolidation with "abscess formation". Biopsy shows hyphae in invading lung tissue and microbiological investigations reflect those in invasive aspergillosis, notably positive Aspergillus galactomannan antigen in blood (or respiratory fluids)." Medical background, treatment and nutritional status were recovered the closest to the official diagnosis date, defined either by validation of the diagnosis by the Aspergillus Committee, or when mentioned in a previous medical correspondence.

Presence of respiratory co-pathogens and quality of respiratory sampling was overviewed during the period surrounding the diagnosis by one year prior to two years after. Any sample of interest for discussion purposes gathered outside of this period is further notified as such.

Outcomes such as radiological features, serology, status of death and weight gain were based on the latest data available to provide further hindsight.

Table 1 . Characteristics at diagnosis in patients with either Chronic Cavitary Pulmonary Aspergillosis or SubAcute Invasive Aspergillosis.

 1 NTM cultures were obtained with the BBL MGIT system (Becton Dickinson, Pont-de-Claix, France) in Lowenstein Jensen and Coletsos media (Bio-Rad, Marnesla-Coquette, France). Specific PCR researching for M. tuberculosis and rifampicin resistance genes were carried out with Xpert MTB/RIF (GeneXpert, Cepheid).Continuous data are expressed as mean ± 1 standard deviation and first and third quartiles in brackets, unless explicitly stated otherwise. Category variables are expressed as percentages, unless explicitly stated otherwise. All statistics and graphs were done using the JAMOVI software. Mortality was assessed with a Cox model. For comparison of means, Student test was used, and to compare univariate ordinal frequencies, Chi2 was used. Statistical significance was achieved when p < 0.05.From 2004 to 2019, 42 cases of patients with CPA were selected from the monthly Aspergillus Committee database, 33 patients with CCPA and 9 with SAIA. Characteristics of these patients are summed up in Table1. Patients were mostly males(27/42, 64.3%). None of the patients with CCPA were under immunomodulatory course, nor had any immunosuppressive condition (one patient was treated for HIV with > 200 CD4/mm 3 ) and all patients with SAIA were under immunomodulatory treatment. Four patients had a history of lung infection with NTM, of which one was active at CPA diagnosis and started simultaneously the anti-tuberculous and antifungal therapies. Most radiological lesions were located in the upper lobes (33/42, 78.6% and 24/42, 57.1% in the apical regions). Cavities were evenly distributed between left (33.3%) or right lung (35.7%) or both (31%). At least one intracavitary fungus ball was observed in 23.8% of patients.

	negative after six days at 30°C. Cultures were obtained with undiluted specimens either with 30
	microliters of the sample if it was liquid enough or by spreading it with a coton-swab if it was
	too viscous (mostly with sputum samples).
	Total IgE were assessed by immunoCap (Phadia100 or Phadia250, ThermoFisher). Specific IgE

Aspergillus

antigenemia, both in blood and BAL, is tested by Platelia ELISA sandwich imuno-enzymatic assays (Bio-Rad, Marnes la Coquette, France). Positivity thresholds used in our laboratory are ≥ 0.5 for both serum and BAL. For Aspergillus fumigatus specific PCR, we used MycoGENIE kit (Ademtech). TR34 and L98H resistance gene mutations are assessed with LightCycler 480 II (Roche Diagnostics). Absence of signal after an amplification over 45 cycles was considered negative. Fungi cultures were obtained on Sabouraud tubes and CAN2 plates and considered for A. fumigatus were measured on an ATELLICA (Siemens). Positive thresholds were at 500 kUI/L and 0.35 kUA/L respectively.

Most cavities had thick borders (39/42, 93%), adjacent thickened pleura (40/42, 95%) both in CCPA or SAIA. One patient with CCPA had a pleural cavity, complicating a surgical sequela from lobectomy.

  9 reporting a 5% weight loss. Mean Body Mass Index (BMI) was 20.3 kg/m 2 with 26/42 (61.9%) patients diagnosed with a BMI below 21 kg/m 2 .

	per patient. All patients with SAIA underwent endoscopy with at least a bronchial aspiration
	(BA). However, only 70% (21/30) in the CCPA group also underwent endoscopy, with 2 BA
	In both groups, hemoptysis was a frequent manifestation (54.8%). All six patients with (2/21, 10%) not being addressed to mycological assays. PCR for A. fumigatus was only realized
	documented non-fumigati species reported hemoptysis, which were significantly associated on 6 BAL, all were negative. Among 18 patients with broncho-alveolar lavage (BAL),
	(p=0.019). Most hemoptysis (18/23, 78.3%) were unique episodes, with no relapse after CPA Galactomannan antigen was sought in 8 (44.4%), and positive in 3 patients, unrelated to smear or
	treatment, or specific hemoptysis treatments described in Table 1. Uncontrolled hemoptysis, culture positivity.
	defined as relapsing or fatal hemoptysis, was associated with Pseudomonas aeruginosa bronchial APC SAIA All
		(n=30)	(n=9)	(n=39)
	Patients with at least one of the following colonization (OR = 35 [1.46; 840], p=0.002) and ABPA (OR = 16 [1.22; 211], p=0.014). samples
	BAL, n (%)	15 (50)	6 (66.7)	21 (53.8)
	BA, n (%)	23 (76)	9 (100)	32 (82.1)
	Sputum sampling, n (%) Overlapping syndromes Respiratory marker of Aspergillosis	27 (90)	7 (77.8)	34 (87.2)
	Positive Culture*, n (% of patients)	15 (50)	7 (77.8)	22 (56.4)
	Most patients were screened for ABPA (32/41, 78%). Overall, 7 patients were diagnosed with On BAL, n (% of samples taken) 4 (26.7) 1 (16.7) 5 (23.8)
	On BA, n (% of samples taken)	5 (21.7)	4 (44.4)	9 (28.1)
	ABPA. On Sputum, n (% of samples taken)	7 (25.9)	3 (42.9)	10 (29.4)
	BAL PCR for A. fumigatus, n (%)	6 (20)	0	6 (15.4)
	BAL GAM (8 samples), n (%)	3 (10)	0	3 (7.7)
	Histological proof ‡, n (%)	4 (13.3)	2 (22.2)	6 (15.4)
	Differencial diagnosis			
	Patients with ruled out TB ¤, n (%)	21 (70)	6 (66.7)	27 (69.2)
	Through negative ELISPOT	2 out of 4 tested	1 out of 4 tested	3 out of 8 tested
	Through negative PCR	9 out of 9 tested	1 out of 1 tested	10 out of 10 tested
	Through negative sampling ∆, n (%)	16 (53.3)	5 (55.6)	21 (53.8)
	Patients with ruled out NTM □, n (%)	7 (23.3)	4 (44.4)	11 (28.2)

All patients had over 500 kUI/L total IgE and over 0.35 kUA/L specific anti-A. fumigatus IgE.

Mean values for these dosages were respectively 1463 kUI/L and 5.82 kUA/L. Average eosinophil count was 814 (± 634) cells/L. No statistically significant difference between CPA patients with and without ABPA was noted regarding mean age (p=0.36), mean baseline A.

fumigatus serology (p=0.58), mean Charlson index (p=0.32), hemoptysis frequency (p=0.98), inhaled corticosteroid treatment (p=0.12) nor frequency of a fungus ball on Computed Tomography (CT)-scan (p=0.42). ABPA was associated with a non-fumigatus specie in 2 (28.7%) patients.

Detection of A. fumigatus and non-fumigatus Aspergilli

All patients had a positive A. fumigatus serology, which was the principal evidence for integrating the patients in the Aspergillus Committee database. In CCPA group, 90% of patients had at least one sputum sample, versus 77.8% in SAIA group (Table

2

). The average number of sputum samples analyzed in the three-year interval surrounding the diagnosis was 5.7 samples

Table 2 . Strategies to assess diagnosis and rule out differential diagnoses in Chronic Cavitary Pulmonary Aspergillosis and SubAcute Invasive Aspergillosis patients.

 2 In our cohort, six patients had a non-fumigatus Aspergillus species retrieved in a pulmonary sample: two A. niger, two A. flavus and one A. ustus. The last patient was colonized by A. fumigatus, A. niger, A. nidulans and A. versicolor. One patient with A. flavus also had A. fumigatus on their respiratory sample culture. Two of these patients were migrants, one coming from Morocco and one from Turkey (Box 1). None of them reported prior antifungal treatment.

	for 4

* One patient in each group had positive cultures both on BAL and BA ‡ Histological proof was retrieved through surgical biopsy. Per-endoscopic biopsies were realized non-contributive for culture (Table

3

). Fungal resistance to azole was reported in one A. fumigatus, and one A. ustus.

nd or 3rd line azole course with prior respiratory sampling ¤

  

		16 out of 25	4 out of 4	20 out of 29
	Bronchial aspiration	6	1	7
	Sputum	10	3	11
	Other ∆	4	0	4
	Overall culture positivity, n (% of samples)	3 (15)	1 (25)	4 (20)
	Resistant Aspergillus strain	2	0	2
	Surgery	8	3	11
	Resection, n (%)	5 (62.5)	3 (100)	8 (72.7)
	Thoracoplasty, n (%)	3 (37.5)	0	3 (27.2)
	Indicated for hemoptysis control, n (%)	4 (50)	1 (33.3)	6 (54.5)
	Fungal culture of surgical samples, n (%)	4 (50)	2 (66.7)	6 (54.5)

Table 3 . Treatment durations, adverse effects, management and surgery in patients with Chronic Cavitary Pulmonary Aspergillosis or SubAcute Invasive Aspergillosis.

 3 

* other reported adverse effects were fatigue and nausea, and did not require treatment discontinuation. ‡ Were reported: hallucination and visual blur ◊ Were reported: cytolysis and cholestasis □ Were reported: rash and photosensitivity ¤ One patient could have multiple samples ∆ 2 per-endoscopic biopsies and 2 surgical biopsies were cultured but none were contributive CCPA : Chronic Cavitary Pulmonary Aspergillosis; SAIA : SubAcute Invasive Aspergillosis.

strains acquiring resistance after an average of 29 days of treatment by Voriconazole. [START_REF] Takeda | High detection rate of azole-resistant Aspergillus fumigatus after treatment with azole antifungal drugs among patients with chronic pulmonary aspergillosis in a single hospital setting with low azole resistance[END_REF] 

Contribution of surgery in the CPA care

Surgery is commonly proposed to patients with a high risk of severe hemoptysis. [START_REF] Denning | Chronic pulmonary aspergillosis: Rationale and clinical guidelines for diagnosis and management[END_REF] In our cohort, hemoptysis was the main indication for surgery.

Recurrence after surgery has already been observed as a common outcome by other authors, which noted a higher risk in CPA patients comparatively to other forms of pulmonary aspergillosis. [START_REF] Farid | Results of surgery for chronic pulmonary Aspergillosis, optimal antifungal therapy and proposed high risk factors for recurrence -a National Centre's experience[END_REF] Remotely from surgery, 5 patients showed an aggravation of both serological titers and post-surgical lesions, suggesting a relapse of CPA (Box 3). The seven remaining patients did not show any sign of relapsing CPA.

We therefore report, like other authors, that under careful selection of patients, resection surgery is a profitable therapeutic option for CPA patients which are high-risk of hemoptysis. [START_REF] Chen | Surgical treatment for pulmonary aspergilloma: a 35-year experience in the Chinese population[END_REF][START_REF] Alemu | Surgical Outcome of Chronic Pulmonary Aspergilloma: An Experience from Two Tertiary Referral Hospitals in Addis Ababa, Ethiopia[END_REF][START_REF] Pihlajamaa | The fate of aspergilloma patients after surgical treatment-experience from 22 cases[END_REF] However, none of our patients were proposed for cavernostomy, though studies suggest positive results in frailer populations. [START_REF] Giang | Hemoptysis from complex pulmonary aspergilloma treated by cavernostomy and thoracoplasty[END_REF]100 

Survival

We report a mortality rate of 19% over a mean follow-up time of 4.80 years (Figure 2A).