Dr Damien Biotti 
email: biotti.d@chu-toulouse.fr
  
tocilizumab in neuromyelitis optica spectrum disorders and MOG-antibody-associated diseases: A case-series

Keywords: Neuromyelitis optica spectrum disorders, myelin oligodendrocyte glycoprotein antibody associated diseases, interleukin 6 receptor inhibitor, tocilizumab

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

2

Abstract

Background:

The objective of the study was to evaluate the indication, efficacy and safety of tocilizumab, a humanized anti-interleukin-6 receptor antibody, in patients with neuromyelitis optica spectrum disorders (NMOSD) and myelin oligodendrocyte glycoprotein antibody associated diseases (MOGAD) encountered in current neurological practice.

Material and Methods:

We conducted a retrospective analysis of an exhaustive cohort of patients with inflammatory CNS disorders at Toulouse University Hospital, France, from 2014 to 2020. Efficacy was evaluated with clinical outcome by the Annual Relapse Rate, and radiological outcome with MRI data. The other outcomes were adverse events and effectiveness according to the form of injection (intravenous or subcutaneous).

Results: Seven patients were treated with tocilizumab: four patients had NMOSD with AQP4+ antibodies (57%) and three had MOGAD (43%). Tocilizumab was administered in the presence of persistent clinical activity and/or severe side effects with other immunosuppressant medications.

The median follow-up on tocilizumab was 23 months (4-50 months). All patients started with monthly intravenous injection, then three switched to a subcutaneous form. All patients were relapse-free throughout the duration of treatment with tocilizumab, and one presented with a new cervical lesion on MRI. Four patients had no adverse effect, two had a significant increase in infection rate, and one had dyslipidemia.

Text

Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is an inflammatory autoimmune disorder of the central nervous system characterized by recurrent attacks that primarily affect the optic nerve and spinal cord. AQP4-IgG that target astrocytes in the CNS are detected in approximately 70% of patients and are part of the diagnostic criteria [START_REF] Wingerchuk | International consensus diagnostic criteria for neuromyelitis optica spectrum disorders[END_REF].

Recently, through the identification of myelin oligodendrocyte glycoprotein-Ig (MOG-Ig), it has become possible to isolate MOG-antibody associated diseases (MOGAD) as an individualized entity from other CNS inflammatory disorders. MOG is a protein exclusively expressed in the central nervous system and is located on the surface of oligodendrocytes. Anti-MOG antibodies are directly involved in demyelination [START_REF] Cobo-Calvo | Clinical spectrum and prognostic value of CNS MOG autoimmunity in adults: the MOGADOR study[END_REF].

Up until now, azathioprine, mycophenolate mofetil and rituximab have been used offlabel to reduce the risk of NMOSD and MOGAD relapse. Despite their use, several patients continued to have attacks which were sometimes severe.

Interleukin 6 (IL-6) plays an important role in the pathogenesis of NMOSD. It is a proinflammatory cytokine secreted by immunocytes and activated astrocytes. It promotes the differentiation of B cells into plasmablasts, and of naive T-cells into Th17 or cytotoxic T cells. [START_REF] Chihara | Interleukin 6 signaling promotes antiaquaporin 4 autoantibody production from plasmablasts in neuromyelitis optica[END_REF]. The exact role of IL-6 in MOGAD is still unclear.

Tocilizumab is a humanized monoclonal antibody that acts as an IL-6 receptor antagonist. It is approved for the treatment of rheumatoid arthritis, systemic juvenile idiopathic arthritis, giant cell arteritis in adults, and off-label use for Castleman disease and recurrent uveitis [START_REF] Mesquida | Targeting interleukin-6 in autoimmune uveitis[END_REF].

Several studies have shown its efficacy in small resistant NMOSD cohorts [START_REF] Araki | Clinical improvement in a patient with neuromyelitis optica following therapy with the anti-IL-6 receptor monoclonal antibody tocilizumab[END_REF][START_REF] Araki | Efficacy of the anti-IL-6 receptor antibody tocilizumab in neuromyelitis optica: a pilot study[END_REF][START_REF] Ayzenberg | Interleukin 6 receptor blockade in patients with neuromyelitis optica nonresponsive to anti-CD20 therapy[END_REF][START_REF] Ringelstein | Long-term Therapy with Interleukin 6 Receptor Blockade in Highly Active Neuromyelitis Optica Spectrum Disorder[END_REF][START_REF] Xie | A meta-analysis to determine the efficacy and safety of tocilizumab in neuromyelitis optica spectrum disorders[END_REF]. In a prospective randomized trial, tocilizumab was associated with a significantly lower risk of relapse than azathioprine in patients with NMOSD [START_REF] Zhang | Safety and efficacy of tocilizumab versus azathioprine in highly relapsing neuromyelitis optica spectrum disorder (TANGO): an open-label, multicentre, randomised, phase 2 trial[END_REF].

To our knowledge, the efficacy of tocilizumab in MOGAD was only evaluated in a few case reports [START_REF] Novi | Tocilizumab in MOG-antibody spectrum disorder: a case report[END_REF][START_REF] Hayward-Koennecke | Tocilizumab treatment in severe recurrent anti-MOG-associated optic neuritis[END_REF]Lotan et al, 2020).

The aim of the study was to evaluate the indication, efficacy, and safety of tocilizumab use in current clinical practice.

Material and Methods

Data source and population

Data were obtained from the local European Database for Multiple Sclerosis (EDMUS) which includes all patients treated with tocilizumab in the Toulouse University Hospital Pharmacy prescription database from 2014 to 2020.

We conducted an observational retrospective study for all consecutive unselected adult patients who received tocilizumab for NMOSD (who met the 2015 Wingerchuk NMOSD classification criteria), or MOGAD that justified tocilizumab initiation according to a multidisciplinary consensus. The doses of tocilizumab treatment were 8 mg/kg for monthly intravenous cycles and 162 mg weekly for subcutaneous injections (following recommendations of ANSM (Agence Nationale de Sécurité du Médicament) and international and French Rheumatology guidelines for its use in adult rheumatoid arthritis and giant cell arteritis), i.e., at a constant dose of 162mg weekly, regardless of the patients' weight.

Data collected

Demographic and disease history were collected: age, gender, disease, disease duration, and prior treatment history. For all patients, we also determined the terms of tocilizumab administration, its indication, and the number of infusions. In addition, we collected data related to radiological changes before and after tocilizumab (all patients had cervicothoracic and cephalic Magnetic Resonance Imaging at tocilizumab initiation, and semi-annually in the first year of treatment, and then annually).

Outcomes

The main outcome was the Annual Relapse Rate (ARR) during the two years before tocilizumab initiation, compared to the ARR during tocilizumab therapy. We also included MRI data (new T2 lesion and/or Gadolinium enhanced lesion) as a radiological outcome of efficacy. We evaluated safety by adverse events based on common Terminology Criteria for Adverse Events 4.0.

Results

Population study: demographics and clinical characteristics

At Toulouse Hospital, during the inclusion period, 44 patients were followed for NMOSD and 46 for MOGAD. Seven patients had been treated with tocilizumab for inflammatory CNS disorders. Four were female (57%), mean age was 39 years (20-63 years). Four patients had NMOSD (57%) all associated with AQP4+ antibodies, and three had MOGAD (43%). The mean disease duration was 7.85 years (2-15 years) (see Table 1).

Treatment history and tocilizumab indication

Before beginning tocilizumab therapy, all patients had been previously treated with at least one immunomodulatory or immunosuppressant medication including rituximab.

Six patients (86%) were treated with tocilizumab for a persistent clinical, biological and/or radiologically active disease with rituximab; one patient had recurrent gynecologic infections suspected to be due to rituximab, which led to its interruption.

Among the six patients with clinical activity with rituximab, two also had late onset neutropenia after rituximab therapy (LONART).

Type of tocilizumab injection

All patients started with monthly intravenous injections. Three patients switched from the intravenous to the subcutaneous form for reasons of simplification (ambulatory), without any new relapses. Before the switch, these three patients had at least one year of intravenous injection (mean=13.3 months, Table 1). No other additional immunomodulatory or immunosuppressant therapies were administered.

Efficacy: Clinical and radiological activity before and after tocilizumab therapy

The median follow-up on tocilizumab was 23 months (4-50 months).

The median ARR in the two years before tocilizumab treatment was 1.0 (interquartile range 0.5-1.5). During tocilizumab treatment, all patients were relapse-free. One patient with NMOSD had new cervical spinal lesions on a follow-up MRI (16 months after tocilizumab initiation), without clinical activity.

Adverse events

Concerning significant/serious adverse effects, four patients had none (57%), two (29%) had an increase in the infection rate, and one (14%) had hypertriglyceridemia (leading to a prescription of statins). One of the patients with serious infectious adverse effects had severe facial cellulitis which required a transient tocilizumab interruption.

Tocilizumab was discontinued for two patients. The first was for persistent gynecologic infection that had already caused rituximab interruption. The follow-up finally revealed non-infectious vulvar pathology, which was therefore not directly due to tocilizumab but required specific therapy with TNF alpha inhibitors. The other patient discontinued treatment due to a desire to become pregnant (Table 1).

Discussion

This study confirms apparent good tolerability and long-term efficacy of tocilizumab use in clinical practice for NMOSD and MOGAD All patients were relapse-free for the duration of tocilizumab treatment, which confirms the findings of previous studies [START_REF] Araki | Clinical improvement in a patient with neuromyelitis optica following therapy with the anti-IL-6 receptor monoclonal antibody tocilizumab[END_REF][START_REF] Araki | Efficacy of the anti-IL-6 receptor antibody tocilizumab in neuromyelitis optica: a pilot study[END_REF][START_REF] Ayzenberg | Interleukin 6 receptor blockade in patients with neuromyelitis optica nonresponsive to anti-CD20 therapy[END_REF][START_REF] Ringelstein | Long-term Therapy with Interleukin 6 Receptor Blockade in Highly Active Neuromyelitis Optica Spectrum Disorder[END_REF]. Only one case of a new MRI lesion was detected (14%) on a systematic follow-up MRI, and no clinical activity was noted.

In NMOSD, IL-6 activates plasmablasts peripherally which enhance AQP4 IgG secretion. AQP4-IgGs target astrocytes, damage the blood-brain barrier, and initiate inflammation. In a phase 3 trial, satralizumab, another humanized monoclonal antibody that blocks interleukin 6 pathways, administered subcutaneously, led to a longer time to relapse for NMOSD patients when compared to placebo [START_REF] Traboulsee | Efficacy and safety of satralizumab monotherapy for relapse prevention in neuromyelitis optica spectrum disorder (NMOSD): Results from SAkuraStar, a double-blind placebo controlled phase 3 clinical study[END_REF] or as an add-on treatment [START_REF] Yamamura | Trial of Satralizumab in Neuromyelitis Optica Spectrum Disorder[END_REF].

Few data are available for tocilizumab in MOGAD patients. In this paper, we demonstrate the efficacy in three of them. In fact, for these patients, no relapse occurred during the follow-up. The precise mechanism of action underlying the effects of tocilizumab in MOGAD patients remains unclear. Although MOGAD and NMOSD have different clinical phenotypes and underlying pathogeneses, they are both characterized by an increase in IL-6 levels in serum and cerebrospinal fluid (CSF), particularly during relapses [START_REF] Kaneko | CSF cytokine profile in MOG-IgG+ neurological disease is similar to AQP4-IgG+ NMOSD but distinct from MS: a crosssectionnal study and potential therapeutic implications[END_REF]. In fact, the similarity in CSF cytokine profiles in these two pathologies (elevated IL-6 levels) is indicative of the similar potential therapeutic implications.

In our cohort, intravenous and subcutaneous forms had a similar efficacy, which is consistent with a study recently published by [START_REF] Lotan | Effectiveness of subcutaneous tocilizumab in neuromyelitis optica spectrum disorders[END_REF] In addition, the switch from an intravenous to a subcutaneous form did not lead to any new relapses.

These results should encourage the use of subcutaneous injections to avoid hospital visits and improve the patient's quality of life.

Infections, leukocytopenia, anemia, and hypercholesterolemia are the most common adverse events of tocilizumab described in cohorts of patients with rheumatoid arthritis [START_REF] Rose-John | The role of IL-6 in host defence against infections: immunobiology and clinical implications[END_REF]. In our cohort, one serious infectious adverse event (cellulitis facialis) led to tocilizumab discontinuation.

For the two patients who presented with LONART, no neutropenia reoccurred with tocilizumab, which suggests tocilizumab as an alternative therapy for this rare complication with rituximab for MOGAD and NMOSD patients [START_REF] Rigal | Late-onset neutropenia after RITUXIMAB therapy for multiple sclerosis, neuromyelitis optica spectrum disorders and MOGantibody-associated diseases[END_REF].

The main limitations of our study are the small sample size, the retrospective design, and partially missing data (quantitative antibody follow-up and EDSS status).

Conclusion

IL-6 signaling blockade appears to be an important immunological pathway for refractory NMOSD patients, particularly for rituximab non-responders. Subcutaneous injections seem to have the same efficacy as intravenous injections and are simpler.

Our study also shows the potential efficacy of tocilizumab for MOGAD. Further studies with a larger cohort should be conducted to confirm these findings. 

  F=female; M=Male; MOGAD = myelin oligodendrocytes antibodies associated disease; NMOSD = neuromyelitis optica spectrum disorders; AQP4 = Aquaporin 4 antibodies; MS = multiple sclerosis; TCZ = Tocilizumab; LONART = Late Onset Neutropenia after Rituximab therapy. Ab = antibodies MMF = mycophenolate mofetil; AZA = azathioprine; IFN = interferon; MTX = Methotrexate; RTX = Rituximab IV = intravenous; SC = subcutaneous; MRI = Magnetic resonance imaging ARR = Annual relapse rate
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	Patient	1	2	3	4	5	6	7
	Gender/ag	M/52	F/35	F/43	F/22	F/20	F/38	F/63
	e							
	Diagnosis MOGA	MOGAD NMOSD	NMOSD	MOGA	NMOS	NMOS
		D		(AQP4+	(AQP4+	D	D	D
				)	)		(AQP4	(AQP4
							+)	+)
	Disease	6	4	15	7	2	13	8
	duration							
	(years)							
	Therapy	RTX	RTX	AZA/RT	RTX	RTX	MMF/	MMF/
	before			X			RTX	RTX
	TCZ							
	Reason	LONA	LONAR	Biologic	Recurre	Diseas	Diseas	Diseas
	for TCZ	RT +	T +	resistan	nt	e	e	e
	treatment	Diseas	disease	ce	infection	activity	activity	activity
		e	activity	(early	s with	with	with	with
		activity	with	CD 19	RTX	RTX	RTX	RTX
		with	RTX	repopul				
		RTX		ation) +				
				articular				
				pain				
	Number of	16 IV-	12 IV-	12 IV	4 IV	5 IV	50 IV	29 IV
	infusions	28 sc	76sc	62 sc	(4	(5mont	(50	(29
		(21mo	(29	(27	months)	hs)	month	month
		nths)	months)	months)	STOPP		s)	s)
					ED		STOP	
							PED	
	Form	IV then	IV then	IV then	IV	IV	IV	IV
		SC	SC	SC				
	Doses	8 mg/k	8 mg/kg	8 mg/kg	8 mg/kg 8	8	8
		g per	per	IV then		mg/kg	mg/kg	mg/kg
		month	month	162 mg		(440m	(560	per
		162	162 mg	sc per		g) per	mg)	month
		mg per	per	week		month	per	
		week	week				month	
	ARR in	1	1	0,5	0	1	1.5	1.5
	the two							
	years							
	before							
	TCZ							
	ARR with	0	0	0	0	0	0	0
	TCZ							
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 1 Characteristics of the nine patients treated with Tocilizumab. Efficacy and Adverse Events.
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Conclusion: tocilizumab appears to be an effective therapy for patients with refractory NMOSD or MOGAD. Subcutaneous and intravenous injections appear to be equally effective.

Declaration of Conflict of Interest

The author(s) declare no potential conflicts of interest with respect to the research, authorship and/or publication of this article.