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Pioglitazone in pulmonary alveolar proteinosis: promising first clinical experience
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To the editor, Pulmonary Alveolar Proteinosis (PAP) is a rare disease characterized by progressive alveolar accumulation of lipoproteinaceous material resulting in hypoxemic respiratory failure.

Macrophages are the key cells involved in PAP. Alveolar macrophages require activation by granulocyte-macrophage colony-stimulating factor (GM-CSF) to mature and ensure their surfactant clearance function. More than 90% of adult PAP cases are due to neutralizing antibodies directed against GM-CSF. Those lead to GM-CSF alveolar functional loss but also to immunodeficiency, resulting in an increased risk of infection with Nocardia or

Cryptococcus.

Therapeutic whole-lung lavage (WLL) is still the preferred therapy for most patients, with GM-CSF therapies as second line therapies [START_REF] Kumar | Pulmonary alveolar proteinosis in adults: pathophysiology and clinical approach[END_REF][START_REF] Tazawa | Inhaled GM-CSF for Pulmonary Alveolar Proteinosis[END_REF]. A specific activation of the GM-CSF intracellular pathway could be considered as an option to bypass the absence of biologically active GM-CSF in the alveoli. Several evidences suggested that proliferator-activated receptor gamma (PPARɣ) agonists could be a targeted therapy of PAP patient. PPAR is a nuclear transcription factor constitutively expressed in alveolar macrophages, upregulated by GM-CSF [START_REF] Baker | Targeted PPAR{gamma} deficiency in alveolar macrophages disrupts surfactant catabolism[END_REF]. The alveolar macrophages of PAP patients present a decreased expression of PPAR-γ mRNA and protein [START_REF] Baker | Targeted PPAR{gamma} deficiency in alveolar macrophages disrupts surfactant catabolism[END_REF]. In vitro, GM-CSF reduces cholesterol intra-cellular accumulation in alveolar macrophages of PAP patients and induces an increase activity of PPAR-γ. In vivo, the PPAR-γ knockout (KO) mouse, presents with PAP as well as the GM-CSF KO mouse [START_REF] Baker | Targeted PPAR{gamma} deficiency in alveolar macrophages disrupts surfactant catabolism[END_REF]. Moreover, the transfer of human anti-GM-CSF antibodies to non-human primates reproduces PAP, with a decreased alveolar expression of the transcription factor PU-1 and PPARγ mRNAs, and is associated with blood neutrophil dysfunction [START_REF] Sakagami | Human GM-CSF autoantibodies and reproduction of pulmonary alveolar proteinosis[END_REF]. Direct and targeted therapy with PPAR-ɣ agonists are worth being evaluated in PAP. We would like to share our recent clinical experience of a patient whose auto-immune PAP was resistant to first lines therapies but was eventually improved with pioglitazone, a PPAR-ɣ agonist.

A 55 year-old non-smoker male was diagnosed in May 2013 with auto-immune PAP; anti-GM-CSF antibodies were positive with a titer of 1:1100. The patient described mild exertional dyspnea (mMRC 1). Initial pulmonary function tests (PFTs) are presented in Table 1.

Treatment consisted in WLL performed twice on each lung, followed by inhaled GM-CSF (Sargramostin, 500 micrograms bid) for 4 months, then by rituximab (1000 milligrams on a day 0, day 15 and month 6) and Sargramostin was eventually given subcutaneously for 6 months (up to 1500 µg a day). None of those treatments were effective, as PFTs showed progressive deterioration with marked desaturation during the 6 minute-walk-test (97% to 91%) and lung opacities extended on high resolution CT scans (HRCT).

We proposed a compassionate treatment with pioglitazone, 30 mg once daily, after an informed consent from the patient and a specific agreement of the French national health authority were obtained. Pioglitazone was well tolerated. With treatment, exertional dyspnea was improved as were the PFTs and blood gases results (Table ). HRCT performed 6 and 12 months after pioglitazone initiation showed a marked decrease in the extent of ground glass and crazy paving opacities (Figure 1.B to D). Using a previously published semiquantitative score (2), lung involvement changed from a score of 17 to a score of 13 (maximal score at 30, Figure 1-B to C). [START_REF] Soyez | Rituximab for autoimmune alveolar proteinosis, a real life cohort study[END_REF] At 12 months post-treatment initiation, anti-GM-CSF antibodies titer remained stable.

We assessed neutrophils and monocytes functional assays of reactive oxygen species (ROS) production in healthy subject (n=1), naïve of treatment PAP patients (n=2) and our patient (n=1). After 12 months of pioglitazone, ROS production by neutrophils and monocytes was comparable to the healthy subject's, whereas it was altered in treatment naïve PAP patients (Figure 1-A).

To the best of our knowledge, this is the first case reporting a clinical benefit of PPAR-ɣ agonist in PAP. Pioglitazone is a thiazolidinedione capable of binding and activating PPARγ [START_REF] Tang | Pioglitazone and bladder cancer risk: a systematic review and meta-analysis[END_REF]. Pioglitazone has been shown to improve PAP, in a CSF2RB KO mouse model, a gene coding for the GM-CSF receptor. [START_REF] Sallese | Targeting cholesterol homeostasis in lung diseases[END_REF] Pioglitazone has a marketing authorization for diabetes and has been broadly used for glycemic control since the beginning of the years 2000.

Pioglitazone is generally well tolerated, although an increased risk of bladder cancer is still a matter of discussion and pioglitazone should not be proposed to patients with heart failure [START_REF] Tang | Pioglitazone and bladder cancer risk: a systematic review and meta-analysis[END_REF].

These preliminary data therefore support the use of pioglitazone for PAP as it could both improve the pulmonary disease and the immunodeficiency associated with the anti GM-CSF antibodies, though only 2 PAP naïve of treatment were tested for control group. Whereas inhaled GM-CSF has shown positive though modest effect in 2 randomized clinical trial [START_REF] Tazawa | Inhaled GM-CSF for Pulmonary Alveolar Proteinosis[END_REF], pioglitazone could be a cheaper targeted therapy. Oral intake could improve adherence to treatment. We look forward to seeing the results of an ongoing clinical trial with pioglitazone in PAP patients (NCT03231033). 

A: Neutrophils and monocytes' ROS priming production is altered in patients naïve of treatment with PAP (light blue) compared to healthy control (grey). In patient treated with 12 months of pioglitazone (dark blue), ROS production is comparable to healthy control. ROS production was measured after GM-CSF (10 ng/mL) and formyl-methionylleucylphenylalanine (fMLP) stimulation and calculated with the formula: ROS production after GM-CSF + fMLP stimulation / ROS production after fMLF stimulation alone.

B,C and D: Evolution of chest-CT scan at (A) baseline, (B) 6 months and (C) 12 months after pioglitazone initiation. Crazy paving and ground glass opacities decreased after 6 months of pioglitazone medication and this effect was maintained at year 1 evaluation.

Table 1

 1 Evolution of Pulmonary function tests after pioglitazone initiation.

		Before	treatment	After 6 months of	After 12 months of
		initiation		treatment	treatment
	FEV1 (mL/%)	2940/80		2890/77	2940/81
	FVC (mL/%)	4190/90		4150/90	4270/93
	PaO2 (mm Hg)	76		81	81
	DLCO (%)	79		77	88
	6MWD	520		/	505

Forced vital capacity (FVC), Diffusing capacity of the lung for CO (DLCO), 6 minutes walk distance (6MWD)
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