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Calcium-solubilizing sodium thiosulfate failed to improve pulmonary alveolar microlithiasis
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Pulmonary alveolar microlithiasis (PAM) is a rare genetic disease due to mutation of the Solute Carrier Family 34 (Sodium Phosphate), Member 2 (SLC34A2) gene encoding the type IIb sodium phosphate cotransporter in alveolar type II cells [START_REF] Saito | Pulmonary Alveolar Microlithiasis[END_REF]. Such cells are responsible for the uptake of phosphate released from phospholipids in outdated surfactant. The inability to clear phosphate from the alveolar space explains the formation of calcium phosphate microliths in the alveolar lumen [START_REF] Saito | Pulmonary Alveolar Microlithiasis[END_REF]. Treatment with corticosteroids, bronchoalveolar lavage and etidronate disodium has failed to prevent disease progression and the development of chronic respiratory insufficiency [START_REF] Saito | Pulmonary Alveolar Microlithiasis[END_REF][START_REF] Castellana | Pulmonary alveolar microlithiasis: review of the 1022 cases reported worldwide[END_REF]. Sodium thiosulfate (STS) is a calcium-chelating andsolubilizing agent used in different calcium-related disorders, especially ectopic calcification and calciphylaxis in patients undergoing chronic hemodialysis [START_REF] Auriemma | Treatment of cutaneous calciphylaxis with sodium thiosulfate: two case reports and a review of the literature[END_REF]. STS is also evaluated to mitigate chemotherapeutic toxicity and to prevent ischemia-reperfusion injuries (3). It has never been used in PAM.

A 35-year-old non-smoker woman with familial PAM, with a documented mutation in the SLC34A2 gene, was referred for progressive exertional dyspnea. She reported her sister had died due to end-stage respiratory failure 4 years before. Thoracic computerized tomography (CT) scan revealed the typical latest, most severe, radiological phase of PAM, with diffuse micronodules of variable density and diffuse ground-glass opacities associated with intense hyperdensity of calcium type of the pleura, interlobular septa and bronchovascular bundles (Figure 1A). Intra-alveolar accumulation of calcium microliths was confirmed by bronchoalveolar lavage (turbid, with a beige color and many lamellar calcified bodies with a concentric appearance observed with hematoxylin and eosin staining), and by transbronchial biopsies.

As frequently observed, extensive calcium deposits seen on CT scan contrasted with preserved lung volumes on pulmonary function tests and an isolated decrease in lung diffusing capacity for carbon monoxide (DLCO) (58% of predicted value at first evaluation, without any change during a 2 years follow up). No calcifications were observed out of the lung.

Monthly intravenous infusion of sodium thiosulfate (STS) (12.5 g/month) (4) was proposed and started after the patient gave informed consent and with French health authority authorization. The treatment was well tolerated except for mild transient nausea after the infusion. Phosphate, calcium, and bicarbonate blood levels did not change during the treatment. After 9 months of treatment, the patient showed no improvement in dyspnea.

DLCO slightly decreased, from 58% to 51% predicted, with no change in lung volumes.

Chest CT revealed a marked increase in lung density, related to an increase in lung calcium content, at 6 months after treatment initiation. This was quantified by calculating the mean lung density of the semi-automatically segmented lungs. Particular attention was brought to the separation of calcified pleura from ribs. The left lung mean density was -227 Hounsfield units (HU) before treatment and -111 HU at 6 months after treatment initiation (Figure 1, B andD). Both the rapid functional impairment, despite modest, contrasting with a previously stable situation, and notable change in lung density led to stopping the treatment. The patient was evaluated for lung transplantation in another center. This is the first reported case of PAM treated with STS, a cheap and generally well tolerated treatment [START_REF] Nigwekar | Sodium thiosulfate therapy for calcific uremic arteriolopathy[END_REF]. STS is proposed for ectopic calcifications in end-stage renal failure but also in some cases of connective tissue diseases. Some treatment failures have been reported but no increase in calcium deposits has been described for now. Treatment failures may be related to tissue distribution or administration modalities which may differ according to the disease : a single infusion is given in patients with cyanide poisoning, one infusion every 2 days in patients undergoing haemodialysis, five infusions every month in connective tissue diseases [START_REF] Nigwekar | Sodium thiosulfate therapy for calcific uremic arteriolopathy[END_REF]. In the present case, STS regimen was less intensive but more convenient for the patient, a housewife living distant from hospital. A rapid increase in calcium deposits, as observed in the present case, is unusual in PAM progression. Therefore, we considered it was precipitated by STS and may be related to calcium thiosulfate salts deposition in the alveolar lumen, which are generally removed by haemodialysis in calciphylaxis.

Variable radiological aspects of PAM have been described and subdivided into four evolutionary phases [START_REF] Saito | Pulmonary Alveolar Microlithiasis[END_REF]. The first phase (precalcific) is described as a small number of non typical, poorly calcified microliths. In the second phase, the lungs are described as "sandy", with diffuse uniformed microliths. When the number and volume of microliths increase, they become granular, confused due to the initial thickening of the interstitial tissue. In advanced cases, or fourth phase, an intense calcification of the interstitium and pleura is observed, thereby leading to an entirely opaque lung, sometime associated with air cysts in the upper lobes.

Clinico-radiological dissociation has been frequently reported in PAM (1) as was observed in our patient. Quantitative CT, used for longitudinal disease monitoring in the context of emphysema or interstitial lung diseases, allows for a more objective and reproducible measure of disease [START_REF] Ash | Densitometric and local histogram based analysis of computed tomography images in patients with idiopathic pulmonary fibrosis[END_REF]. The potential usefulness of quantitative CT as a monitoring tool in PAM has not been previously assessed, especially for evaluating treatment. In some cases, etidronate disodium, a biphosphonate, induced an impressive regression of lung calcifications in PAM [START_REF] Saito | Pulmonary Alveolar Microlithiasis[END_REF]. However, in cases showing no effect [START_REF] Cakir | Response to Disodium Etidronate Treatment in Three Siblings with Pulmonary Alveolar Microlithiasis[END_REF], a quantitative evaluation may have helped detect a more subtle effect on calcium content, preceding a clinical benefit. Such quantification may be helpful for early evaluation of treatments for PAM, especially in patients showing little impaired lung function.

Despite monthly injections of STS, we observed a progression of lung calcium deposits.

Quantitative lung calcium content evaluation with CT scan was here useful to detect early changes in lung density, whereas lung function was slightly impaired. Quantitative lung CT should be evaluated as a new tool for evaluation of therapeutics in PAM. 
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