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Résumé

Objectif. -Evaluer le taux de succès d'un agent de régénération matriciel (RGTA) dans le traitement des ulcères cornéens chroniques résistants aux traitements standards.

Méthodes. -Etude observationnelle, prospective, non contrôlée chez des patients présentant un ulcère cornéen neurotrophique (stade 2 ou 3 selon la classification de Mackie), ne répondant pas aux traitements médicaux ou chirurgicaux standards et gérés par le RGTA en traitement d'appoint. Les ulcères cornéens ont été examinés à la lampe à fente et par tomographie de cohérence optique après 2 semaines, 1 mois, 2 mois et 3 mois. Le succès thérapeutique était défini par la guérison complète de l'ulcère.

Résultats. -Le RGTA a été administré à 20 patients (20 yeux) présentant des ulcères cornéens chroniques d'étiologies différentes, principalement des kératoplasties (7 yeux, 35.0 %), des kératites herpétiques (5 yeux, 25.0 %) et des anneaux intracornéens (3 yeux, 15.0 %). La guérison complète a été observée chez 13/20 (65.0 %) patients après 1 à 3 mois. Le RGTA a été arrêté après guérison partielle ou stagnation de l'ulcère chez 6 patients (30.0 %) et après aggravation de l'ulcère chez 1 patient (5.0 %). Une rechute a été rapportée chez 4 patients (20.0 %) plusieurs mois après l'arrêt du RGTA. Aucun effet indésirable dû au RGTA n'a été noté.

Conclusions. -En cas d'échec des traitements standards, le RGTA peut être une alternative médicale pour les patients présentant des ulcères cornéens chroniques, évitant le recours au traitement chirurgical.
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Introduction

In a normal cornea epithelial defects generally resolve quickly and uneventfully through the physiologic migration and replication of surrounding epithelial cells [START_REF] Katzman | Management strategies for persistent epithelial defects of the cornea[END_REF][START_REF] Aslanides | A pharmacological modification of pain and epithelial healing in contemporary transepithelial all-surface laser ablation (ASLA)[END_REF]. Corneal ulcers arise from various conditions including trauma or diseases such as dystrophies, neurotrophic, toxic, or infectious keratitis, and also following surgical or laser procedures. Persistent epithelial defects (PED) and stromal corneal ulcers develop when the epithelial cells fail to show the expected rate of healing (i.e., 3 or 4 days as shown after conventional surface photoablation [START_REF] Aslanides | A pharmacological modification of pain and epithelial healing in contemporary transepithelial all-surface laser ablation (ASLA)[END_REF]). In some cases, the corneal defect may not heal after several days or weeks, mainly because of corneal hypoesthesia, anaesthesia, or limbal deficiency [START_REF] Sacchetti | Diagnosis and management of neurotrophic keratitis[END_REF]. These chronic corneal ulcers are difficult to treat and may induce serious complications such as infection, inflammation, corneal thinning and perforation, and even corneal graft rejection for ulcers following keratoplasty. In all cases, regardless of the aetiology, the primary treatment goals are to stop the ulcer progression and to restore the integrity of the corneal epithelium with minimal scarring to provide the optimal optical outcome.

Standard therapies include "aggressive" lubrication with preservative-free products, vitamin

A ointment, and topical cyclosporine A in addition to treatment with topical antibiotics or antivirals to prevent infection. Topical autologous serum, amniotic membrane graft (AMG), tarsorrhaphy, and ultimately keratoplasty with or without limbal graft are alternative therapies for chronic corneal ulcers [START_REF] Katzman | Management strategies for persistent epithelial defects of the cornea[END_REF]. Most available treatments targeting the wound healing process (e.g., vitamins, collagenase inhibitors and growth factors) have been disappointing in treating chronic corneal ulcers with persistent epithelial defects or significant stromal loss. Wound healing is a complex process starting with fast disruption of cell junctions and cell-matrix interactions, inducing the activation of signalling mechanisms [START_REF] Barritault | RGTA ® or ReGeneraTing Agents mimic heparan sulfate in regenerative medicine: from concept to curing patients[END_REF][START_REF] Barritault | RGTA ® -based matrix therapy -A new branch of regenerative medicine in locomotion[END_REF]. Advances in the knowledge of this process have led to new therapeutic approaches such as the application of matrix regenerating agents (RGTAs), metalloproteinase modulators (Thymosine β4), gap junction channel modulators (connexin 43 inhibitors), and human recombinant nerve growth factors [START_REF] Sosne | Thymosin-beta4 modulates corneal matrix metalloproteinase levels and polymorphonuclear cell infiltration after alkali injury[END_REF][START_REF] Moore | A synthetic connexin 43 mimetic peptide augments corneal wound healing[END_REF][START_REF] Brignole-Baudouin | RGTA-based matrix therapy in severe experimental corneal lesions: safety and efficacy studies[END_REF]. RGTA (Cacicol ® , OTR3, Paris, France) is currently approved in Europe as a medical device for the management of chronic corneal wound healing, such as persistent epithelial defects and persistent anterior corneal dystrophies with associated pain. It is a sterile preservative-free ophthalmic solution containing poly(carboxymethylglucose sulfate), a heparan sulfate analogue. Extensive research has shown that this polymer replaces naturally occurring heparan sulfates that are required for epithelial regeneration but destroyed at the site of injury, restores the matrix architecture, protects heparin-binding growth factors and matrix proteins from proteolysis, and thus preserves the natural microenvironment of the cell and the endogenous factors that promote tissue regeneration [START_REF] Sacchetti | Diagnosis and management of neurotrophic keratitis[END_REF][START_REF] Barritault | RGTA ® -based matrix therapy -A new branch of regenerative medicine in locomotion[END_REF]. RGTA was shown to promote a clear improvement in corneal healing in several clinical series of patients with severe neurotrophic corneal ulcers, mainly PED [START_REF] Aifa | Topical treatment with a new matrix therapy agent (RGTA) for the treatment of corneal neurotrophic ulcers[END_REF][START_REF] Kymionis | Combined topical application of a regenerative agent with a bandage contact lens for the treatment of persistent epithelial defects[END_REF][START_REF] Arvola | Matrix regeneration therapy: A case series of corneal neurotrophic ulcers[END_REF][START_REF] Guerra | Neurotrophic Keratopathy: Therapeutic Approach Using a Novel Matrix Regenerating Agent[END_REF][START_REF] Chappelet | Effect of a new matrix therapy agent in persistent epithelial defects after bacterial keratitis treated with topical fortified antibiotics[END_REF]. Here, we report the efficacy and safety of RGTA in a new case series of patients with corneal neurotrophic ulcers, including PED and stromal corneal ulcers, resistant to standard medical or surgical treatments. Patients with a PED (Stage 2 of the Mackie classification [START_REF] Mackie | Current ocular therapy[END_REF]) or stromal corneal ulcer (Stage 3) due to neurotrophic keratitis were included in the study. All patients were resistant to conventional medical or surgical treatments, including artificial tears, topical antibiotics, topical corticosteroids, topical cyclosporine, vitamin A ointments, eyelid occlusion and AMG. RGTA eye drops (Cacicol20 ® , OTR3, Paris, France) were administered to all patients as an adjunct to standard treatments. The starting dose was one drop every 3 days, and could be adjusted according to the evolution of the ulcer after a 2-week treatment period. Demographics, ophthalmic history, previous and current treatments were recorded. A complete slit-lamp examination was performed at inclusion and then after 2 weeks, 1 month, 2 months, and 3 months of RGTA administration. This included measurements (vertical and horizontal diameters) of the corneal ulcer visualised with one drop of fluorescein, and anterior optical coherence tomography (OCT) imaging (OCT Visante, Zeiss, Germany). Success was defined as complete healing assessed using OCT. Partial healing, stagnation or worsening of the corneal ulcer was considered as failure. Results were summarised using descriptive statistics (mean, standard deviation [SD], minimal and maximal values for quantitative variables, or frequency and percentage for qualitative variables).

Patients and Methods

This

Results

Patients' characteristics are summarised in Table 1. Twenty patients with a mean age of 66.2±12.4 years received RGTA eye drops. All cases (20 eyes) presented with a corneal neurotrophic ulcer. The main causes of the ulcers were keratoplasty in 7 patients (35.0%; At initiation of RGTA, the corneal ulcer size (horizontal x vertical diameter) ranged from 0.1 x 0.1 mm (punctiform) to 7 x 7 mm, with mean vertical and horizontal ulcer diameters of 2.7 ± 2.1 mm and 2.9 ± 2.0 mm, respectively. RGTA was administered for 5 days (interruption due to an increase in corneal melting) to 3 months.

As summarised in Table 2, complete corneal healing occurred in 13 patients (65.0%) who had corneal ulcers due to keratoplasty (5 patients), herpetic keratitis (3 patients), corneal ring (3 patients), ocular rosacea (1 patient) and Mooren's syndrome (1 patient). Complete corneal healing was observed in 11/13 patients (84.6%) with PED and in 2/7 patients (28.6%) with stromal corneal ulcer. Among the successful cases, corneal healing was obtained in 4/7 patients (57.1%) who had previously undergone an AMG. In all patients with complete corneal healing, a fast decrease of the ulcer size was observed within 1 or 2 weeks. Complete healing occurred within 1 month in 3 patients, 2 months in 1 patient and 3 months in 9 patients, and was achieved using a RGTA dose of 1 drop per week in 9 patients, 1 drop every 3 days in 2 patients and 1 drop every 2 days in 2 patients.

Relapses occurred 3 to 6 months after discontinuation of the RGTA treatment in 4 patients Treatment failures occurred in 7 patients (Table 3). In 6/7 cases (85.7%), an initial response or stagnation of the ulcer was observed under RGTA, but it was decided to stop the RGTA treatment prematurely. This occurred in presence of various associated conditions including facial hemiplegia in 1 patient. RGTA was discontinued after 5 days in another patient who experienced an aggravation of a deep corneal ulcer (initially due to a chemical burn).

Alternative treatments used in cases of RGTA failure were AMG (5 patients), limbal corneal graft (1 patient) and penetrating keratoplasty (1 patient).

Typical corneal ulcer healing upon RGTA treatment is shown in Figure 1 and Figure 2. As compared to the cornea before treatment (Figure 1A), slit-lamp images showed a clear improvement after 15 days (Figure 1B) and 1 month (Figure 1C) of treatment, and complete healing after 3 months (Figure 1D) in a patient with a corneal ulcer of herpetic origin.

Similarly, compared to baseline (Figure 2A), healing was apparent at OCT after 15 days (Figure 2B) and was complete after 2 months (Figure 2C) of RGTA treatment in another patient with a corneal ulcer of herpetic origin.

Discussion

The management of chronic corneal ulcers is a common challenge for ophthalmologists. The current available medical and surgical treatments aim to promote healing, to prevent ulcer progression, and to avoid corneal perforation. However, conventional treatments often fail due to neurotrophic keratitis. The results of this study confirm that RGTA is effective in most cases of chronic neurotrophic corneal ulcers not cured with usual therapy, including AMG.

Complete corneal ulcer healing with RGTA has been previously reported in case reports and case series of neurotrophic ulcers of various aetiologies and unresponsive to standard with RGTA for 3 months, but recurrence occurred in two patients within 1 week and 1 month, respectively [START_REF] Chebbi | Pilot study of a new matrix therapy agent (RGTA OTR4120) in treatment-resistant corneal ulcers and corneal dystrophy[END_REF]. Aifa et al. [START_REF] Aifa | Topical treatment with a new matrix therapy agent (RGTA) for the treatment of corneal neurotrophic ulcers[END_REF] reported complete corneal healing in 8/11 patients (72.7%) with corneal neurotrophic ulcers mainly due to post-infectious keratitis or following a limbal allograft. In another case-series study [START_REF] Guerra | Neurotrophic Keratopathy: Therapeutic Approach Using a Novel Matrix Regenerating Agent[END_REF], the success rate of 100% within an average of 4 weeks in 25 patients with a corneal ulcer (including 24 PED and 1 stromal ulcer) mainly caused by a surgical trauma (general surgical trauma or after penetrating keratoplasty).

In another recently published case series of patients with PED after bacterial keratitis, complete corneal healing was observed in 11/14 patients (78.6%) after 1 month and in all patients after 3 months [START_REF] Chappelet | Effect of a new matrix therapy agent in persistent epithelial defects after bacterial keratitis treated with topical fortified antibiotics[END_REF]. Consistent results were found in our study, with complete corneal reepithelialisation observed within 1 to 3 months in 13/20 patients (65.0%) with corneal neurotrophic ulcers of various origins (including immunologic or inflammatory). Moreover, corneal healing was observed in 4/7 cases (57.1%) of recurrent ulcers previously treated with AMG. This surgical procedure is a recognised therapy for ocular surface disease and for corneal ulcers, but may be ineffective in up to 35% of cases [START_REF] Meller | Amniotic membrane transplantation in the human eye[END_REF]. Thus, RGTA may delay or avoid the need for surgery and may be an alternative treatment to amniotic membrane transplantation for severe neurotrophic corneal ulcers, as also suggested by others [START_REF] Chappelet | Effect of a new matrix therapy agent in persistent epithelial defects after bacterial keratitis treated with topical fortified antibiotics[END_REF].

However, recurrence of corneal ulcers was noted in some cases. This occurred several months after successful RGTA treatment in 4/13 patients (30.8%), including in 1 patient with a history of ocular rosacea. Thus, the treatment of corneal ulcers should be associated with the management of the aetiological condition whenever possible.

The RGTA dose to achieve complete healing may be an issue since it is considered that one drop is sufficient to occupy the corneal heparin-binding sites, and an excess of product may compete with growth factors or cytokines necessary for the healing process [START_REF] Sacchetti | Diagnosis and management of neurotrophic keratitis[END_REF]. In this study, RGTA was initially administered in a dose regimen of 1 drop every 3 days, and then the dose was adapted after 2 weeks according to the clinical outcome. Most successful cases of corneal healing were obtained with a RGTA dose of 1 drop per week. In other studies, complete healing was observed with a starting dose of 1 drop every 2 days or 1 drop per week [START_REF] Aifa | Topical treatment with a new matrix therapy agent (RGTA) for the treatment of corneal neurotrophic ulcers[END_REF][START_REF] Guerra | Neurotrophic Keratopathy: Therapeutic Approach Using a Novel Matrix Regenerating Agent[END_REF][START_REF] Chappelet | Effect of a new matrix therapy agent in persistent epithelial defects after bacterial keratitis treated with topical fortified antibiotics[END_REF]. In one study, the dose of 1 drop every 2 days was reduced to 1 drop every 3 days [START_REF] Chappelet | Effect of a new matrix therapy agent in persistent epithelial defects after bacterial keratitis treated with topical fortified antibiotics[END_REF], and it was increased from 1 to 2 drops per week after 2 weeks in the absence of corneal ulcer area decrease in another study [START_REF] Guerra | Neurotrophic Keratopathy: Therapeutic Approach Using a Novel Matrix Regenerating Agent[END_REF]. Further studies are needed to determine the starting dose to optimise the effectiveness of the RGTA treatment.

In our study, a stagnation of the corneal ulcer treated with RGTA was noted in most cases of failure. The RGTA treatment was discontinued and an alternative treatment, including AMG, was used. Overall, RGTA seemed less effective for large and/or deep corneal ulcers (Stage 3 of the Mackie classification) and corneal ulcers due to chemical burns. In these cases, the administration of RGTA delayed the resort to surgical treatment including AMG and keratoplasty. Only one case of corneal ulcer progression in RGTA-treated eyes was observed in this study. This ulcer was a recurrence of previous ulcers due to a chemical burn. Although the corneal ulcer was punctiform at RGTA initiation, it increased to 2 x 3.8 mm after 5 days.

The RGTA treatment was stopped after 1 month due to increased pain, ocular redness, and the ulcer depth (pre-perforative). Penetrating keratoplasty was ultimately performed as an alternative treatment for this patient.

Regarding safety, no local or systemic adverse events related to RGTA were observed. RGTA eye drops were well tolerated, as reported previously [START_REF] Aifa | Topical treatment with a new matrix therapy agent (RGTA) for the treatment of corneal neurotrophic ulcers[END_REF][START_REF] Kymionis | Combined topical application of a regenerative agent with a bandage contact lens for the treatment of persistent epithelial defects[END_REF][START_REF] Arvola | Matrix regeneration therapy: A case series of corneal neurotrophic ulcers[END_REF][START_REF] Guerra | Neurotrophic Keratopathy: Therapeutic Approach Using a Novel Matrix Regenerating Agent[END_REF][START_REF] Chappelet | Effect of a new matrix therapy agent in persistent epithelial defects after bacterial keratitis treated with topical fortified antibiotics[END_REF].

This study had several limitations including its observational, non-controlled design. Doublemasked, randomised, controlled clinical trials are needed to confirm our results. Moreover, our OCT device did not allow quantifying defects of each corneal layer, which would require more sophisticated SD-OCT devices. In addition, RGTA was used as an adjunct to other conventional treatments including artificial tears and lubricants in most cases, but also vitamin A ointment, anti-inflammatory drugs, antibiotic or antiviral eye drops, or topical cyclosporine according to the aetiology of the ulcer. Although autologous serum has been shown to be effective in the treatment of corneal epithelial defects recalcitrant to standard therapies [START_REF] Katzman | Management strategies for persistent epithelial defects of the cornea[END_REF], such treatment was not used in our clinical centre for reasons of accessibility.

Moreover, the use of autologous serum requires the implementation of specific procedures, including weekly blood sampling, and is not without risk of infection. By comparison, the administration of RGTA is safe and may be an effective option in chronic corneal ulcers.

In conclusion, RGTA is effective and safe in the treatment of most cases of severe chronic corneal ulcers, including after AMG failure, and represents a new alternative treatment in this context. Given its good tolerance and ease of use, it has the potential to become a first choice therapy in these difficult cases.
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  prospective, uncontrolled, single centre, observational study was performed from November 2011 to May 2013 at the Ophthalmologic Department of Morvan Hospital (Brest, France). The study was conducted in accordance with Good Clinical Practice guidelines, the tenets of the Declaration of Helsinki, and the local health regulations. Local ethics committee approval was obtained, and written informed consent was obtained from each patient prior to enrolment.

  including 1 endothelial corneal graft), herpetic keratitis in 5 patients (25.0%) and intracorneal ring (superficial ring segment) in 3 patients (15%). The other ulcers were due to a chemical burn (2 patients, 10.0%), Mooren's syndrome, severe ocular rosacea and neurologic Parry-Romberg syndrome (1 patient each, 5.0%). Thirteen patients (65.0%) presented with a PED (Stage 2 of the Mackie classification) and 7 (35.0%) with a stromal corneal ulcer (Stage 3). Previous conventional treatments included artificial tears or lubricants, vitamin A ocular ointment, topical corticosteroids or cyclosporine. An AMG was previously carried out in 7 patients (35.0%).

( 2

 2 patients with an ulcer due to keratoplasty [Stage 2 and 3, respectively], 1 with herpetic keratitis [Stage 2] and 1 with an ulcer due to an intracorneal ring [Stage 2]).

  therapy. De Monchy et al. reported one case of a patient with a history of herpes zoster ophthalmicus, who developed a persistent epithelial ulcer after cataract surgery, with no improvement despite 3 weeks of artificial tears. When RGTA eye drops were administered (1 drop twice weekly), complete corneal healing was obtained in less than 3 weeks [15]. In one patient with a neurotrophic corneal ulcer secondary to acanthamoeba infection, conventional treatments with artificial tears, bandage contact lens and autologous serum were ineffective to treat the central corneal ulcer. Treatment with RGTA (1 drop every 2 days) for 8 weeks led to complete healing of the corneal defect [16]. In 3 patients suffering from a PED for 4-8 weeks and unresponsive to conventional therapy, Kymionis et al. reported the successful treatment using RGTA when combined with a silicone hydrogel bandage contact lens after 4-21 days [10]. In another case, RGTA (1 drop every 2 days) was shown effective to treat corneal epithelial defects following severe corneal and conjunctival chemical injury. In this case, standard therapy consisting of patching, preservative-free artificial tears, topical netilmicin, topical dexamethasone, oral doxycycline, and vitamin C for two weeks was unsuccessful. One week after RGTA addition, a marked improvement of the conjunctival and corneal surface was shown and complete corneal re-epithelialisation was achieved after 3 weeks [17]. Chebbi et al. showed that 4 of 5 patients with corneal ulcers healed when treated
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 1 Figure 1: Case of herpetic keratitis healed with the RGTA

Figure 2 :

 2 Figure 2: OCT images of herpetic keratitis healed with the RGTA

  

  

  

Table 1 : Description of patients and ulcers characteristics at RGTA initiation 306
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	Number of patients	N=20
	Age (years)	
	Mean ± SD	66.2 ± 12.4
	Min; max	45; 93
	Sex	
	Male, n (%)	10 (50.0%)
	Female, n (%)	10 (50.0%)
	Main cause of corneal ulcer	
	Keratoplasty, n (%)	7 (35.0%)
	Herpetic keratitis, n (%)	5 (25.0%)
	Intracorneal ring, n (%)	3 (15.0%)
	Chemical burn, n (%)	2 (10.0%)
	Ocular rosacea, n (%)	1 (5.0%)
	Mooren's syndrome, n (%)	1 (5.0%)
	Parry-Romberg syndrome, n (%)	1 (5.0%)
	Previous treatments	
	Artificial tears	20 (100.0%)
	Amniotic membrane graft	7 (35.0%)
	Topical corticosteroids	6 (30.0%)
	Antibiotics	5 (25.0%)
	Vitamin A ointment	4 (20.0%)
	Eyelid occlusion	3 (15.0%)
	Topical cyclosporine	1 (5.0%)
	307	

Table 2 : Efficacy of the RGTA medical device according to the cause and stage of the corneal neurotrophic ulcer Number of eyes Healing Failure By cause of corneal ulcer

 2 

	Post keratoplasty	N=7	5 (71.4%)	2 (28.6%)
	Herpetic keratitis	N=5	3 (60.0%)	2 (40.0%)
	Intracorneal ring	N=3	3 (100%)	-
	Chemical burn	N=2	-	2 (100%)
	Ocular rosacea	N=1	1 (100%)	-
	Mooren disease	N=1	1 (100%)	-
	Parry-Romberg syndrome N=1	-	1 (100%)
	By stage (Mackie classification)		
	Stage 2	N=13	11 (84.6%) 2 (15.4%)
	Stage 3	N=7	2 (28.6%)	5 (71.4%)
	TOTAL	N=20	13 (65.0%) 7 (35.0%)