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INTRODUCTION

Cystic fibrosis (CF) is the most common genetic disorder in Caucasian and represents a predisposing condition for the development of allergic bronchopulmonary aspergillosis (ABPA) [START_REF] Maturu | Prevalence of Aspergillus sensitization and allergic bronchopulmonary aspergillosis in cystic fibrosis: systematic review and meta-analysis[END_REF]. CF occurs in about 1 out of 3000 births in Caucasian populations. The mutation of the CTFR protein results in variable alterations in exocrine organs function and results in a thicker mucus than expected in the respiratory tract, which may favor the development of fungal and bacterial infections [START_REF] Stevens | Allergic bronchopulmonary aspergillosis in cystic fibrosis--state of the art: Cystic Fibrosis Foundation Consensus Conference[END_REF]. Therefore, the prevalence of ABPA in CF is not rare and has been reported about 15% [START_REF] Baxter | Novel immunologic classification of aspergillosis in adult cystic fibrosis[END_REF]. However, the diagnosis of ABPA in CF is often difficult because of a large overlap with the clinical and imaging presentation of polymicrobial infections. Therefore, conventional diagnostic radiological criteria such as central bronchiectasis, mucus plugging and lung consolidation/atelectasis suffer from a low specificity in CF patients [START_REF] Stevens | Allergic bronchopulmonary aspergillosis in cystic fibrosis--state of the art: Cystic Fibrosis Foundation Consensus Conference[END_REF]. Thus, there is a need for a more specific criterion to suspect ABPA early on and avoid unnecessary repeated testing or delayed diagnosis.

In patients without CF, hyperattenuating mucus (HAM) on CT scans has been reported as a diagnostic criteria for ABPA and an attenuation of mucus superior than 70 Hounsfield Unit (HU) has been reported [START_REF] Phuyal | High-Attenuation Mucus Impaction in Patients With Allergic Bronchopulmonary Aspergillosis: Objective Criteria on High-Resolution Computed Tomography and Correlation With Serologic Parameters[END_REF]. It has been supposed that fungal metabolism by-products such as iron, calcium and manganese salts or desiccation of mucus may explain the increased CT attenuation seen in some patients with ABPA [START_REF] Agarwal | Diagnostic performance of various tests and criteria employed in allergic bronchopulmonary aspergillosis: a latent class analysis[END_REF][START_REF] Agarwal | High attenuation mucoid impaction in allergic bronchopulmonary aspergillosis[END_REF]. Despite a low sensitivity of HAM of about 20% [START_REF] Agarwal | Clinical significance of hyperattenuating mucoid impaction in allergic bronchopulmonary aspergillosis: an analysis of 155 patients[END_REF], HAM has consistently been demonstrated to be highly specific (100%), if not a pathognomonic of ABPA in adults with asthma [START_REF] Martinez | Mucoid impactions: finger-in-glove sign and other CT and radiographic features[END_REF][START_REF] Patterson | Diagnosis and treatment of pulmonary aspergillosis syndromes[END_REF]. Recent diagnostic criteria for ABPA in CF have been proposed, where HAM is thought to be valid also in patients with CF [START_REF] Patterson | Diagnosis and treatment of pulmonary aspergillosis syndromes[END_REF][START_REF] Agarwal | Allergic bronchopulmonary aspergillosis: review of literature and proposal of new diagnostic and classification criteria[END_REF]. However, it is noticeable that there is no study to assess the diagnostic value of HAM in a large population of CF. Indeed, CF is a particular condition related to an increased thickness and desiccation of mucus. Therefore, to what extent HAM may have similar diagnostic performances in CF and non-CF populations still remains unknown. Preliminary results have been reported by Occelli and colleagues and, according to their study, a CT attenuation threshold of more than 36 HU was proposed to get a sensitivity of 100% [START_REF] Occelli | Bronchocele density in cystic fibrosis as an indicator of allergic broncho-pulmonary aspergillosis: A preliminary study[END_REF]. Nevertheless, the study involved only 5 CF patients with ABPA and the specificity of the radiological sign was not assessed.

To our knowledge, there is no direct comparison in the CT literature that would aim at comparing the relative diagnostic values between CT signs suggestive of ABPA in CF. Therefore, the aim of the study was to compare the diagnostic value of HAM to other conventional CT signs such as mucus plugging, central bronchiectasis and consolidation/atelectasis. Secondary objectives were to determine quantitative threshold of HAM for the diagnosis of ABPA in CF, and to assess whether chest radiograph would be able to discriminate between HAM and non-HAM impactions in patients with CF.

MATERIAL AND METHODS

Study design and gold standard

The study was observational, retrospective and was performed between January 2010 and December 20143. All consecutive patients with CF were screened in both the children's hospital and adult University Hospitals of Bordeaux in France. For the study purpose, CT had to be completed during the yearly follow-up of patients along with the other clinical and biological assessment of ABPA status the same day. When several CT scans were available during this retrospective period, the oldest evaluation was included for analysis. Inclusion criteria were a CF diagnosis proven by sweat chloride test or genetic test and being of age older than 6 years. Patients were excluded whether no CT scan was available or CT was of non-diagnostic quality. We also excluded CF patients with history of specific ABPA treatment within an interval of three months before inclusion. The presence of Aspergillus in sputum was assessed by using culture [START_REF] Bakare | Prevalence of Aspergillus fumigatus and other fungal species in the sputum of adult patients with cystic fibrosis[END_REF] and/or real-time PCR [START_REF] Baxter | Novel immunologic classification of aspergillosis in adult cystic fibrosis[END_REF][START_REF] Baxter | Homogenisation of cystic fibrosis sputum by sonication -An essential step for Aspergillus PCR[END_REF] starting from 2011. The severity of structural alterations using CT was assessed using the Bhalla score [START_REF] Bhalla | Cystic fibrosis: scoring system with thin-section CT[END_REF]. The diagnosis of ABPA was established by multidisciplinary evaluation according to the CFFC as gold standard [START_REF] Stevens | Allergic bronchopulmonary aspergillosis in cystic fibrosis--state of the art: Cystic Fibrosis Foundation Consensus Conference[END_REF]. The study was approved by the Local Ethic Committee (registration number: DC 2016/78).

CT acquisition parameters

CT of the chest was performed with a Somatom Definition 64 scanner (Siemens Healthcare). The volumetric CT dose index (CTDIvol) ranged from 1.1 to 3.2 mGy, and dose-length product ranged from 42 to 157 mGy.cm. Field of view diameter ranged from 20 to 28 cm, and size-specific dose estimates of CTDIvol ranged from to 1 to 2 mGy. Slice thickness was reconstructed with a 0.625 section thickness and 1-mm interval. No contrast product injection was used. To assess the presence of HAM, CT volumes were reconstructed using a smooth standard algorithm (B30f) and displayed with a mediastinal windowing (width=400 HU; level=50 HU). To assess the presence of other CT signs of ABPA (central bronchiectasis, mucus pluggning, condensation/atelectasis), CT were reconstructed using a sharp algorithm (B70f) and displayed using a parenchymal windowing (width=1500 HU; level=-450 HU).

Qualitative visual analysis of the presence of HAM using CT

Visual analysis of CT scan was done by two readers specialized for lung diseases with 3 and 9 years of experience in thoracic imaging who interpreted the CT images independently and the evaluation of the senior radiologist was chosen as consensus. All CT exams were anonymized before evaluation and were analyzed in random order. Readers were blinded from any clinical data. There were asked to assess the presence or absence of HAM. According to Agarwal and colleagues, HAM was defined as mucus plugging with increased attenuation located within the two central thirds of the lung parenchyma. In this study, no quantitative mucus attenuation was measured during visual analysis. Increased attenuation could be either related to an attenuation visually higher than the paraspinal muscle and/or the neighborhood mucus and/or a neighborhood condensation/atelectasia (Figure 1). At patient level, HAM was considered positive whether both HAM and non-HAM impactions coexisted in the same patient.

Readers were also asked to assess the presence of central bronchiectasis, bronchial mucus plugs and lung consolidation/atelectasis. For the study purpose, mucus plugs were those mucus plugs without the HAM sign. The central part of the lung was defined as the two third part of the lung near the mediastinum [START_REF] Phuyal | High-Attenuation Mucus Impaction in Patients With Allergic Bronchopulmonary Aspergillosis: Objective Criteria on High-Resolution Computed Tomography and Correlation With Serologic Parameters[END_REF]. Definitions of central bronchiectasis, mucus plugs and lung consolidation/atelectasis were those of Bhalla and colleagues [START_REF] Bhalla | Cystic fibrosis: scoring system with thin-section CT[END_REF].

Quantitative evaluation of central mucoid impaction attenuation.

A quantitative evaluation of central mucus plug attenuation was performed by the same two readers who performed the visual evaluations. As previously described by Agarwal and colleagues, the peripheral part of the lung was not part of the quantitative evaluation because of insufficient resolution to assess the attenuation of small peripheral airways. In addition, when no central mucus plug was found in a given patient, the patient was excluded from the quantitative analysis. In patients with mucus plug, at least three region of interest (ROI) were traced, of at least 7 mm 2 . ROIs were placed in the mucus plug which was thought to contain the maximum attenuation value at visual analysis, and averaged to obtain the absolute mean density value. Measurements were done independently by the two readers and the mean of evaluations was used as consensus, whereas the inter-observer reproducibility was assessed.

Similarly, two ROIs were traced on both right and left paraspinal muscles on an axial slice at the level of the carina and averaged to calculate the mean paraspinal muscle density. The ratio between absolute mean density and mean paraspinal muscle density was calculated to obtain the density relative to muscle normalized measurement ratio.

Sampling size

The minimum number of patients (n=134) necessary for the study was calculated according to an estimated 100% specificity and a prevalence of ABPA of 15% according to published data [START_REF] Baxter | Novel immunologic classification of aspergillosis in adult cystic fibrosis[END_REF] to be enough to assess the sensibility of the HAM sign with a 20% precision.

Statistical analysis

For continuous variables, data were expressed as medians with 95% CIs. Comparisons of medians between groups were performed by using the Mann-Whitney test. For categorical variables, data were expressed as absolute values, and percentages were expressed with 95% CIs. Diagnostic performance was judged by measuring sensitivity, specificity, positive predictive value, negative predictive value and accuracy. An overall diagnostic value was assessed using the Youden's J-index as defined by J = (Sensitivity + Specificity -1) [START_REF] Youden | Index for rating diagnostic tests[END_REF]. Youden's indexes were compared using the McNemar test. For this, a p-value inferior to 0.01 was considered significant. A receiver operating characteristic curve (ROC) was used to determine the optimal cutoff of absolute mean density and density relative to muscle values derived from quantitative measurements of HAM and paraspinal muscle mean densities. Inter-observer reproducibility of categorical variables was assessed using kappa test and intraclass correlation coefficient and Bland-Altman analysis [START_REF] Bland | Measuring agreement in method comparison studies[END_REF] for continuous variables, with calculation of inter-observer mean difference (MD) and limits of agreement (LOA). Kappa and ICC values were classified from null (=0) to very good (≥0.80) according to Landis and colleagues as follows [START_REF] Landis | The measurement of observer agreement for categorical data[END_REF].

RESULTS

Participant's characteristics

137 patients were included and no patient was excluded from the analysis. Out of the 137 patients, 23 patients were ABPA positive according to the CFFC gold standard used in this study (Figure 1). There were 16 ABPA who fulfilled the classic criteria and 7 ABPA who fulfilled the minimum criteria. There was no difference between the ABPA positive and ABPA negative groups regarding demographics, associated comorbidities, or pulmonary function test results, and treatments were similar (Table 1). In particular, there was no CF patient under current ABPA treatment. In particular, there was no CF patient under current ABPA treatment. Aspergillus fumigatus was found present, by using sputum culture, in 12/23 (52%) of the population study. Starting from 2011, 12/16 (75%) ABPA patients were found positive for Aspergillus detection by using additional RT-PCR, which was significantly higher than in CF without ABPA. The proportion of patients with atelectasis, consolidation and mucoid impaction was higher in the ABPA group, whereas there were significant differences regarding the CT Bhalla score owing to poorer severity score in the ABPA group. There was no significant difference related to the presence of central bronchiectasis (Table 1). In addition, all 23 patients who were diagnosed as ABPA were subsequently treated using oral corticosteroid over three months and showed significant decrease in total IgE level (Supplemental Table E1).

Diagnostic accuracy of HAM versus other structural abnormalities using CT

A total of 16 out of 23 ABPA patients had the hyper attenuating mucus (HAM) sign whereas no patient without ABPA were found to have HAM. Conversely, impactions without hyperattenuating mucus was present in 20 out of 23 patients with ABPA but also 92 out of 114 patients without ABPA. In the ABPA group, there were 7 patients with a combination of both HAM and mucus plugs.

As displayed in Table 2, the diagnostic performances of HAM were 69 % sensitivity and 100 % specificity. HAM had the lowest sensitivity and better sensitivity as compared to central bronchiectasis, mucus plugs or consolidation/atelectasis. Nevertheless, HAM achieved the highest test accuracy and Youden's index among all four signs (p<0.001) (Table 2, Figure 2). At the patient level, reproducibility of evaluation was very good, with kappa values of >0.99 in assessing the presence of HAM, 0.89 for central bronchiectasis, 0.94 for mucus plugs and >0.99 for lung consolidation/atelectasis.

Diagnostic accuracy of quantitative evaluation of mucus attenuation

All CT examinations were diagnostically acceptable. A number of 2 patients with ABPA and 55 patients without ABPA were excluded from the quantitative analysis because of the absence of central mucus plugging for measurement. Quantitative analysis with ROC area under the curve for optimal cutoffs were 78 HU for absolute mean density with 71% sensitivity (95% CI: 44-90%) and 98% specificity (95% CI: 87-100%). Optimal cut-off of density relative to muscle was >1.3, with 82% sensitivity (95% CI: 57-93%) and 97% specificity (95% CI: 86-100%) as featured in Figure 3. Using Bland-Altman analysis, the inter-observer mean density of absolute mean density was 1.5 HU (LOA: [-80; 75]) whereas ICC was very good (ICC=0.89). Mean difference of density relative to muscle was 0.06 [-1.6; 1.8] whereas ICC was very good (ICC=0.92).

Regarding absolute mean density, 100% sensitivity was reached using a threshold of 22 HU at the expense of specificity which was measured down to 19%. Conversely, 100% specificity was reached using a threshold of >82 HU with a corresponding sensitivity of 64%. Regarding density relative to muscle, 100% sensitivity was noticed using a threshold of >0.3 with 21% specificity. Conversely, 100% specificity was reached using a threshold of >1.8 with 56% sensitivity.

Additional evaluation of diagnostic accuracy of HAM using chest radiograph

80 out of 137 patients had both chest radiograph (CXR) and chest CT within an interval of 1 month. In these patients, CXR were completed either the same day or after CT and no specific ABPA treatment was administered between CT and CXR time intervals. HAM was unnoticed in all CXR examinations and thus, in these patients, the sensitivity of HAM using CXR was 0%.

DISCUSSION

To the best of our knowledge, this study is the largest evaluation of HAM in the particular condition of CF. Our results demonstrate that HAM is the most accurate CT signs of ABPA in CF. In addition, the specificity of HAM was found 100% with good sensitivity. HAM has been described extensively in patients without CF and consistently demonstrated to be highly specific (100%), if not pathognomonic of ABPA [START_REF] Agarwal | Diagnostic performance of various tests and criteria employed in allergic bronchopulmonary aspergillosis: a latent class analysis[END_REF][START_REF] Agarwal | Clinical significance of hyperattenuating mucoid impaction in allergic bronchopulmonary aspergillosis: an analysis of 155 patients[END_REF][START_REF] Martinez | Mucoid impactions: finger-in-glove sign and other CT and radiographic features[END_REF][START_REF] Patterson | Diagnosis and treatment of pulmonary aspergillosis syndromes[END_REF][START_REF] Agarwal | Allergic bronchopulmonary aspergillosis: review of literature and proposal of new diagnostic and classification criteria[END_REF]. However, the relative contribution of HAM as compared to other conventional CT signs such as central bronchiectasis, mucus plugs and lung consolidation/atelectasis remained unknown.

Our study confirms that HAM is highly specific of ABPA in CF. Interestingly, HAM was not found in CF patients with immunological features of Aspergillus bronchitis, or colonization [START_REF] Baxter | Novel immunologic classification of aspergillosis in adult cystic fibrosis[END_REF]. Although other CT signs were found to have better sensitivity, the overall diagnostic performance as measured by the Youden's index was found significantly higher for HAM. The first explanation was the dramatically low specificity of other CT signs, especially central bronchiectasis and mucus plugs. Indeed, there is polymicrobial inflammation in CF and these classical CT features are shared similarly between all of them. The second finding of the study was a relatively good sensitivity of HAM in CF, which was measured 69% herein. In patients without CF, the sensitivity has been reported lower, by far, down to 20% [START_REF] Agarwal | Clinical significance of hyperattenuating mucoid impaction in allergic bronchopulmonary aspergillosis: an analysis of 155 patients[END_REF]. Nevertheless, mucus thickness is increased in CF and we could hypothesize that material deposit such as iron, calcium or manganese may be increased in CF as compared to non-CF patients.

Another hypothesis could be that HAM is an early sign of ABPA. Indeed, CF patients are followed-up closely at least every year, starting from childhood. Thus, early and acute manifestations of the disease are more likely to be screened than in patients without CF. In non-CF asthma, there is often errancy of the diagnosis at first, which is prone to delay the use of CT by several years [START_REF] Martinez | Mucoid impactions: finger-in-glove sign and other CT and radiographic features[END_REF]. Of note, HAM is not visible using chest radiograph. Therefore, there is rationale to think that data from the CT literature of HAM in non-CF patients are likely to represent the late manifestations of the disease.

Regarding quantitative thresholds, optimal value of absolute mean density was found 78HU, which is close to the threshold of 70 HU reported by Agarwal and colleagues in non-CF asthma [START_REF] Phuyal | High-Attenuation Mucus Impaction in Patients With Allergic Bronchopulmonary Aspergillosis: Objective Criteria on High-Resolution Computed Tomography and Correlation With Serologic Parameters[END_REF]. We could discuss that this result may favor the hypothesis of increased material content rather than a desiccation of mucus to explain HAM. However, optimum threshold for DMR was different and was found >1.3 herein and up to >1.8 to reach 100% specificity, versus >1 in non-CF asthma. This discrepancy may be related to variations of the paraspinal muscle attenuation with lower attenuation value in CF.

Our findings may have several clinical implications for routine practice. First, the role of imaging in CF is often viewed as the sole matter of assessing the disease severity and depiction of structural abnormalities. Of note, the CT Bhalla score was found different between ABPA and non-ABPA groups but not pulmonary function test, which is in agreement with recent report related to structural and functional alterations in CF with ABPA [START_REF] Kongstad | Association between spirometry controlled chest CT scores using computer-animated biofeedback and clinical markers of lung disease in children with cystic fibrosis[END_REF]. Although ABPA is a pejorative outcome in CF, previous study by De Jong and colleagues have demonstrated that CT and PFT give complementary information which cannot be thought as interchangeable [START_REF] De Jong | Progression of lung disease on computed tomography and pulmonary function tests in children and adults with cystic fibrosis[END_REF]. In addition, CT is known to be more sensitive to variations than PFT [START_REF] De Jong | Progression of lung disease on computed tomography and pulmonary function tests in children and adults with cystic fibrosis[END_REF]. Moreover, the difference in Bhalla score was related to a difference in parenchymal consolidations, a feature which is not likely to impair bronchial obstruction. However, no difference was found between groups regarding central bronchiectasis because of a lack of specificity in CF, although bronchiectasis are considered suggestive of ABPA in patients with asthma. Using CT, a parenchymal windowing to increase sharpness of lung structures is used to perform severity scorings of the disease [START_REF] Bhalla | Cystic fibrosis: scoring system with thin-section CT[END_REF][START_REF] Brody | Computed tomography correlates with pulmonary exacerbations in children with cystic fibrosis[END_REF][START_REF] Helbich | Cystic fibrosis: CT assessment of lung involvement in children and adults[END_REF][START_REF] Ernst | Pulmonary disease in cystic fibrosis: assessment with chest CT at chest radiography dose levels[END_REF][START_REF] Tiddens | What did we learn from two decades of chest computed tomography in cystic fibrosis?[END_REF]. However, it is noticeable that HAM cannot be assessed using a parenchymal windowing and that a mediastinal windowing is needed [START_REF] Phuyal | High-Attenuation Mucus Impaction in Patients With Allergic Bronchopulmonary Aspergillosis: Objective Criteria on High-Resolution Computed Tomography and Correlation With Serologic Parameters[END_REF]. Therefore, complementary evaluation of both parenchymal and mediastinal windows should be performed in routine, to assess both depiction of lung abnormalities and mucus attenuation. In addition, it is recommended to assess ABPA status in CF at least once a year [START_REF] Stevens | Allergic bronchopulmonary aspergillosis in cystic fibrosis--state of the art: Cystic Fibrosis Foundation Consensus Conference[END_REF]. There is no debate that imaging is part of the diagnostic criteria of ABPA [START_REF] Stevens | Allergic bronchopulmonary aspergillosis in cystic fibrosis--state of the art: Cystic Fibrosis Foundation Consensus Conference[END_REF][START_REF] Agarwal | Allergic bronchopulmonary aspergillosis: review of literature and proposal of new diagnostic and classification criteria[END_REF] and it could be discussed that HAM cannot be assessed using chest radiograph. However, the radiation burden of CT is high in CF which may balance the use of iterative CT [START_REF] Dournes | Excess Risk of Cancer from Computed Tomography Scan Is Small but Not So Low as to Be Incalculable[END_REF][START_REF] Ronan | CORK Study in Cystic Fibrosis: Sustained Improvements in Ultra-Low-Dose Chest CT Scores After CFTR Modulation With Ivacaftor[END_REF]. Although ultralow dose CT has been recently proposed in CF using reduction of effective doses down to 0.03 mSv [START_REF] Ernst | Pulmonary disease in cystic fibrosis: assessment with chest CT at chest radiography dose levels[END_REF], it is known that dose reduction also reduces CT contrasts [START_REF] Kim | Ultra-Low-Dose CT of the Thorax Using Iterative Reconstruction: Evaluation of Image Quality and Radiation Dose Reduction[END_REF]. Further evaluation of HAM with ultralow dose at these low dose levels is still required.

The study has few limitations. The study was monocentric and retrospective. In addition, CT scans were performed at low doses and we did not perform a comparison with ultralow dose-CT nor MRI [START_REF] Garg | Allergic Bronchopulmonary Aspergillosis: AllA Radiologist Needs To Know[END_REF][START_REF] Garg | MRI: a new paradigm in imaging evaluation of allergic bronchopulmonary aspergillosis?[END_REF][START_REF] Dournes | Allergic Bronchopulmonary Aspergillosis in Cystic Fibrosis: MR Imaging of Airway Mucus Contrasts as a Tool for Diagnosis[END_REF].

Although MRI has been recently reported more sensitive than CT to detect ABPA in CF, in a radiationfree manner, lung MRI requires longer acquisition time than CT and respiratory synchronization. Lung MRI also requires specific MR sequences and radiological skills. The relative contribution of CT, ultralow dose CT and MRI may require multicenter trial with direct comparisons in various conditions such as respiratory exacerbation or age. There was also no evaluation of patients under specific ABPA treatment to assess the variation of HAM over time. Furthermore, CT attenuation values can vary slightly according to the CT parameters and manufacturers calibration [START_REF] Stadler | CT density measurements for characterization of adrenal tumors ex vivo: variability among three CT scanners[END_REF] and thus, the quantitative threshold reported in this study cannot be thought as generalizable and multicenter evaluation should be required. Finally, the study was not meant to explain the origins of HAM and, thus, further studies should be conducted to precisely evaluate HAM positive mucus contents.

CONCLUSION

Our study confirms that HAM is the most specific CT biomarker of ABPA and has a good sensitivity in the special condition of CF. Such results suggest that, in CF with clinical suspicion of ABPA, characterization of mucus density may be an additional tool to improve the overall accuracy of imaging criteria . Using CT, the HAM sign appears to be a valuable tool to help clinicians in confirming ABPA early. 
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 2 Figure 2. Diagnostic performance of CT biomarkers of ABPA as assessed by the Youden's J-index in 137 patients with cystic fibrosis. Legends: HAM = Hyper Attenuating Mucus, MP= Mucus Plugging, CB = Central Bronchiectasis, CA= Consolidation and/or Atelectasia. Star (*) indicates a statistically significant difference between J-indexes using the McNemar test and a p-value inferior to 0.01.
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 3 Figure 3. Parametric ROC curves for quantitative assessment of hyper attenuating mucus by absolute and normalized mean mucus attenuation values. Optimal cutoff density was >78 HU for absolute mean density and >1.3 for density relative to muscle.

  

  

  

Table 1 . Participant's characteristics

 1 TABLES

	PATIENTS	PATIENTS	PATIENTS	P
	CHARACTERISTICS	WITH ABPA (N =23)	WITHOUT ABPA (N = 114)	VALUE
	Age (y)	14 (12, 19)	18.5 (16, 23)	.32
	Body mass index (kg/m2)	20.1 (16.7, 21.3)	20 (18.3, 22.2)	.98
	Tobacco smoker (yes/no)	0/23	2/112	.99
	PULMONARY FUNCTION TEST			
	FEV1 (percentage predicted value)	81 (60, 89)	78 (71, 84)	.89
	FEV1/FVC (%)	76 (68, 84)	77 (74, 81)	.99
	RV (percentage predicted value)	113 (79, 177)	123 (111, 136)	.65
	TLC (percentage predicted value)	92 (84, 102)	102 (97, 108)	.14
	COMORBIDITIES			
	Hepatobiliary disease (yes/no)	8/15	33/81	.52
	Pancreatic exocrine insufficiency (yes/no)	17/6	80/34	.54
	Diabetes mellitus (yes/no)	3/20	18/96	.84
	INHALED TREATMENT			
	Corticosteroid (yes/no)	14/9	50/64	.13
	Beta2 agonists (yes/no)	11/12	36/78	.12
	Mucolytic (yes/no)	23/0	114/0	NA
	ORAL TREATMENT			
	Antihistaminic (yes/no)	3/20	20/94	.98
	Corticosteroid (yes/no)	0/23	0/114	NA
	Antifungal therapy (yes/no)	0/23	0/114	NA
	BIOLOGICAL EVALUATION			
	Specific anti Aspergillus Fumigatus IgG			
	Positive (>10 U/mL)	17/23	18/114	<.001
	Intermediate (>5 and <10 U/mL)	6/23	4/114	<.001
	Negative (<5 U/mL)	0/23	92/114	<.001
	Total IgE level (IU/mL)	1155 (575, 1724)	67 (26, 99)	<.001
	Level of anti-A. fumigatus IgE (IU/mL)	9.3 (3.7, 25.3)	0.09 (0.09, 0.09)	<.001
	A. fumigatus (absent/present)			
	culture	11/12	70/44	0.21
	RT-PCR*	4/12	43/42	0.02
	Culture and/or RT-PCR*	0/23	58/56	NA
	Pseudomonas aeruginosa (absent/present)	20/3	86/28	0.24
	Staphylococcus aureus (absent/present)	15/8	65/49	0.72
	Streptococcus pneumoniae (absent/present)	19/4	85/29	0.41
	Haemophilus influenzae (absent/present)	23/0	102/12	0.11
	Total eosinophil count (cells/µL)	767 (633, 1121)	167 (155, 227)	<.001
	CT IMAGING EVALUATION			
	Bhalla score	10 (8, 13)	13 (11, 918)	.02
	Data are expressed as medians, with 95% confidence intervals (CIs) in parentheses, for continuous variables and are	
	numbers of patients for categoric variables.			

FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; IgE = immunoglobulin E; IgG = immunoglobulin G; NA = not available; RV = residual volume; TLC = total lung capacity. *indicates that RT-PCR was performed starting from 2011

Table 2 . Diagnostic performance of various chest CT signs for the diagnosis of ABPA in cystic fibrosis.

 2 

		HAM	MP	CB	CA
	SENSITIVITY (%)	69	91	87	70
	95% CI	[47 -86]	[70 -98]	[65 -96]	[47 -86]
	SPECIFICITY (%)	100	28	19	58
	95% CI	[96 -100]	[20 -37]	[13 -28]	[48 -67]
	POSITIVE PREDICTIVE VALUE (%)	100	20	18	25
	95% CI	[76 -100]	[13 -30]	[11 -26]	[15 -38]
	NEGATIVE PREDICTIVE VALUE (%)	94	94	88	90
	95% CI	[88 -97]	[79 -99]	[68 -97]	[80 -96]
	ACCURACY (%)	95	38	31	60
	95% CI	[91 -98]	[29 -46]	[23 -38]	[51 -68]

LEGENDS: HAM = Hyper Attenuating Mucus, MP= Mucus Plugging, CB = Central Bronchiectasis, CA= Consolidation or Atelectasia, CI=confidence interval