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Summary

This case report relates to the first-in-man use of a vessel occluder gel medical device as a fistula occluder in a repurposing strategy. A patient with chronic colocutaneous fistula received an off-label treatment with a thermoresponsive Poloxamer 407 gel (20%) via percutaneous administration and injected under endoscopic control. Treatment consisted in the association of esophageal stent placement and gel injection. The product was administered just after the stent placement at <20°C in its liquid form, gelling at body temperature to form a fistula plug. However, the stent was removed at day 26 because of major pain and the fistula was still present. Treatment was continued a total of 14 administrations of thermoresponsive Poloxamer 407 gel during 7 weeks via the external fistula orifice.

The treatment reduced fistula orifice diameter from 4.0 ± 0.5 to 1 mm and fistula daily output decreased from 425 ± 65 to 23 ± 4 mL, when comparing the months before and after treatment. Gel administration was not associated with any toxic effects. The therapeutic outcome remained stable 1 year after treatment. The external fistula diameter and the fistula output were similar to what observed after the last Poloxamer 407 gel administration.

Introduction

Fistulas are a challenging public health burden related to Crohn's disease or secondary to surgery affecting millions of people worldwide with a high morbidity [START_REF] Araujo Filho | Digestive Fistulas: The Challenge Continues[END_REF][START_REF] Quinn | Management of Enterocutaneous Fistula: Outcomes in 276 Patients[END_REF][START_REF] Lloyd | Nutrition and management of enterocutaneous fistula[END_REF][START_REF] Williams | Complications of enterocutaneous fistulas and their management[END_REF]. We present evidence of the potential therapeutic benefit of an intra-fistula treatment with a thermoresponsive Poloxamer 407 gel (20%) as a fistula occluder. It consisted in the first-in-man off-label use of this vessel occluder polymer gel that received market authorization in the US and Europe (LeGoo ® , Sanofi) as a IIb medical device.

Case

A 21-year-old male patient presented a colo-gastric anastomotic stenosis complicated by a supraanastomotic colo-cutaneous fistula in the median supraumbilical region. A colon interposition procedure was indicated following a post-natal diagnostic of esophageal atresia. This patient had a complex medical history with prenatal diagnostic of diaphragmatic cupola hernia, chronic multifactorial respiratory failure and neuro-cognitive disorders. Three attempts to dilate endoscopically the colo-gastric anastomotic stenosis were unsuccessful. The last dilation was complicated by a perforation, which was closed by endoscopic through-the-scope clips (Boston Scientific, USA). The use of a standard clip approach for fistula management failed, due to the fistula location and the difficulty to position the clips appropriately. Then, a combined technique was proposed: a covered self-expandable metal stent (SEMS) 8 cm in length (MI TECH, South Korea), placed into the stenosis under radiological control (Figure 1A-C), in association an application of Poloxamer 407 gel as a fistula occluder. This strategy was accepted by the patient after ethical consideration in accordance with the results provided by our preclinical study [START_REF] Silva | Thermoresponsive Gel Embedded with Adipose Stem-Cell-Derived Extracellular Vesicles Promotes Esophageal Fistula Healing in a Thermo-Actuated Delivery Strategy[END_REF]. Informed patient consent and a written patient's mother consent were obtained before therapy. Poloxamer 407 gel 20% in saline magistral formula was prepared in the Pharmacy Department of HEGP (Supplementary Figure 1). Rheological analysis was performed indicating a sol-gel transition temperature at about 20°C (Supplementary Figure 2). The procedure was carried out using a standard adult gastroscope (GIF-H190, Olympus, Japan) under general anesthesia with oro-tracheal intubation. The endoscopy evidenced a normal eso-colic anastomosis but a severe stenosis at the colo-gastric anastomosis. The internal fistula orifice was situated 2 cm above the colo-gastric anastomosis. A macroscopic view and an endoscopic one of external and internal fistula orifice, respectively, are shown in Figure 1D andE.

The radiological analysis evidenced a short fistula track of about 10 mm long and 3 mm wide with an important fibrosis in the internal orifice. In a first step, the internal orifice was intensively abraded and after stents placement, the Poloxamer 407 gel at 20% was injected percutaneously. A total of 1 ml of gel was injected under endoscopic control before and after stent placement, as indicated in Figures 1F andG. However, due to a severe abdominal pain, the stent was removed 26 days after its placement.

Even if the fistula output decreased significantly, the external fistula orifice diameter was still present with daily digestive secretions. Therefore, the patient received 1 mL of Poloxamer 407 gel twice a week during 7 weeks via percutaneous administration without anesthesia.

Fistula external orifice diameter progressively reduced from 4.0 ± 0.5 mm to 1.0 ± 0.5 mm during the 7 weeks of therapy (Figure 2A). Fistula output drastically decreased from 425 ± 65 mL to 23 ± 6 mL in the following days post-treatment. The output continued to decrease slightly and remained stable at 10 ± 1 mL from the 4 th to 7 th week of gel application (Figure 2B). The observed therapeutic benefit (Figure 2A-C) was probably due to the combined effect of the stent, by alleviating stenosis pressure, and the gel, by promoting fistula occlusion. At 1 year, the external orifice had a dot shape without significant digestive secretions. The patient did not heal from the stenosis nor the fistula. After one year, the external fistula diameter and the fistula output were similar to what observed after the last Poloxamer 407 gel administration.

Discussion

We showed for the first time that digestive fistula therapy may be enhanced by the percutaneus administration of thermoresponsive polymer gel in association with an esophageal stent placement.

The thermoresponsive Poloxamer 407 hydrogels offer the advantage of filling irregular defects and reaching low-accessible areas while bypassing surgical interventions and the related discomfort as well as complications. Due to its thermoresponsive properties, the product could be administrated as a liquid injected through a catheter, whose gelation in situ at body temperature enabled it to be retained at the fistula site. Poloxamer 407 hydrogel is expected to act mechanically limiting the circulation of secretions through the fistula orifice, which has a beneficial effect in the healing process. 
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 1 Figure 1: Treatment of a patient presenting a chronic colo-cutaneous fistula with a self-expansible
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 2 Figure 2: Partial fistula healing via stent placement and poloxamer 407 gel injection. Fistula external
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The main limitations of esophageal stent placement are stent migration and abdominal pain. In our case, the stent was removed because of major pain. Poloxamer 407 hydrogel could be regarded as an additional treatment associated with an endoscopic technique or alone after endoscopic failure. In addition to the mechanical effect, an ancillary effect may be related to the intrinsic properties of Poloxamer 407 hydrogel, which is known to favor healing by increasing microvessel density while enhancing the expression of vascular endothelial growth factor (VEGF) and transforming growth factor-beta 1 (TGF-β1) [START_REF] Dumortier | A review of poloxamer 407 pharmaceutical and pharmacological characteristics[END_REF][START_REF] Kant | Topical pluronic F-127 gel application enhances cutaneous wound healing in rats[END_REF][START_REF] Nalbandian | Pluronic F-127 gel preparation as an artificial skin in the treatment of third-degree burns in pigs[END_REF][START_REF] Hokett | Pluronic Polyol Effects on Human Gingival Fibroblast Attachment and Growth[END_REF]. Poloxamer 407 hydrogel has been investigated for burn [START_REF] Demirci | Boron and Poloxamer (F68 and F127) Containing Hydrogel Formulation for Burn Wound Healing[END_REF] and wound healing [START_REF] Kant | Topical pluronic F-127 gel application enhances cutaneous wound healing in rats[END_REF]. The Poloxamer 407 gel is expected to be eliminated via dilution with fistula secretions.

Renal excretion is reported for Poloxamer 407 gel vessel occluder product (PMA P110003: FDA Summary of Safety and Effectiveness Data for Legoo®).

In conclusion, we report herein the first-in-man clinical report on the use of Poloxamer 407 gel as fistula occluder product combined with an esophageal stent placement. The treatment reduced fistula orifice diameter and fistula daily output decreased. The therapeutic outcome persisted 1 year after treatment. Importantly, Poloxamer 407 gel may benefit from a quite straightforward regulatory pathway considering that the gel has received FDA and EMA approval as a vessel occluder.