PAGE  
4

Severe neutropenia after rituximab-treatment of multiple sclerosis
A case report
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Abstract

We present here the first MS-case where rituximab-treatment led to grade IV neutropenia, with hospitalization and treatment of a serious infection with broad-spectrum antibiotics. The neutropenia resolved promptly with granulocyte-colony stimulating factor-treatment and the patient recovered well. Due to risk of recurring neutropenia rituximab-treatment was not re-administered. We discuss the mechanisms and occurrence of neutropenia as a side effect to rituximab-treatment of MS, and remind of the importance of monitoring rituximab-treated MS-patients for this rare but potentially dangerous side effect.
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1. Introduction
Rituximab is a chimeric monoclonal antibody which targets the CD20 surface antigen on B cells. Treatment with rituximab leads to profound and rapid depletion of B cells, which led to excellent control of RRMS disease activity in a Phase II trial (HERMES) (Hauser et al, 2009). Rituximab was not developed further as a therapeutic option for MS, but the phase II trial results and experience from off-label use have demonstrated that MS patients tolerate the drug well, and have a low risk for serious opportunistic infections or secondary malignancies 
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(Salzer et al, 2016)
. However, a number of rare adverse effects have been recognized. These include infections such as reactivation of hepatitis, or late-onset neutropenia (Ram et al, 2009). So far, late-onset neutropenia has been occasionally described in association with various rituximab-treated autoimmune diseases and in one neuromyelitis optica patient, but it is more common among lymphoma patients treated with rituximab (Plate et al, 2014). We describe here the first case of late-onset neutropenia after rituximab-treatment of MS.
2. Case presentation
At 23 years of age, a previously healthy man was diagnosed with relapsing MS based on typical clinical presentation and demyelinating lesions in the brain MRI. Disease modifying therapy (DMT) was initiated with subcutaneous interferon-beta-1a. Due to post-injection fever and malaise, betainterferon treatment was discontinued within few months and was changed to glatiramer acetate, which treatment was also terminated due to side effects. Within a year from the MS diagnosis, he had experienced three more relapses leading to significant residual disability with EDSS of 3.5. Follow-up brain and cervical MRI revealed 6 new gadolinium enhancing demyelinating lesions. Intravenous natalizumab treatment was initiated. He responded well to natalizumab both clinically and radiologically, but due to a positive JC virus antibody status and fear for progressive multifocal leukoencephalopathy, he withdrew from the treatment after 16 months, and continued using only symptomatic treatment for neuropathic pain and spasticity. At 30 years of age, he already demonstrated signs of progressive disease course with slowly accumulating disability. His walking range was less than 500 meters, and the neurological examination showed marked signs of ataxia and spasticity with EDSS of 4.5. 
Due to active and progressive presentation of the disease, an informed decision was made with the patient to initiate off-label intravenous rituximab treatment using a dose of 500 mg every six months. The safety laboratory screening at baseline showed entirely normal blood cell counts, and the only side effect related to the first infusion of rituximab was slight initial nausea. Within few months from the infusion his neurological condition had improved significantly with an increase in walking range up to 2 km. Three months after the infusion, he developed marked leukopenia (leukocyte count 1,7 x 109/l), with severe neutropenia of 0.02 x 109/l. Related to this, he developed a deep dental infection with high CRP (164 mg/l). Blood liver enzyme levels remained normal, and tests for respiratory viruses (influenza A and B, parainfluenza viruses, respiratory syncytial virus, human metapneumovirus and adenovirus) were negative. Simultaneously, his MS-symptoms worsened. He was admitted to the hospital, and was treated with granulocyte colony-stimulating factor (G-CSF; filgrastim dose 30 MIU s.c.), and intravenous broad spectrum antibiotics. He responded well to the treatments, and the neutrophil count and the CRP value normalized within less than 2 weeks. In the follow-up, leukocyte and neutrophil values remained normal. However, due to the possible risk for recurrent neutropenia, rituximab treatment was not continued. Instead, disease modifying treatment with dimethyl fumarate was initiated.
3. Discussion

Use of various drugs can lead to neutropenia as a side effect.  Neutropenia following cytotoxic chemotherapy is well-known, predictable, dose-related, usually reversible, and caused by bone marrow suppression. Chemotherapy-related neutropenia typically occurs 10 to 14 days following drug administration, with recovery in three to four weeks following treatment (Moore, 2016). A variety of other medications, such as clozapine, penicillin, procainamide or rituximab may on the other hand lead to rare and unpredictable neutropenia via idiosyncratic immune-mediated reactions or because of direct myeloid cell line damage. The idiosyncratic reactions can be either late-onset or early-onset (Moore, 2016). Majority of the rituximab-associated neutropenias are of the late-onset type, appearing at least four weeks after the last rituximab infusion, with longest delays being even 330 days (Breuer et al, 2014). Few autoimmune disease-related cases have been described to lead to early-onset neutropenia, i.e. emerging sooner than four weeks after rituximab administration. These have occurred in systemic lupus erythematosus and neuromyelitis optica (Mealy & Levy, 2015). Importantly, our case had no previous history of abnormal susceptibility to infections and he had no signs of other autoimmune disease besides MS.
Neutropenia can be divided into different grades according to the absolute neutrophil count (grade I: ( 1.5 and < 2.0 109/l; grade II: ( 1.0 and <1.5 109/l; grade III: ( 0.5 and <1.0 109/l; grade IV: < 0.5 109/l) (Plate et al, 2014). Severe rituximab-related neutropenia (grades III-IV) is often associated with the period of B cell depletion, resulting with neutropenic fever, sequelae of bacteraemia and other life-threatening infections needing hospitalization and broad-spectrum antibiotics (Moore, 2016). At its worst, severe neutropenia can be a life-threatening adverse event.

Among lymphoma patients, late-onset neutropenia is a well-recognized side effect of rituximab therapy with an incidence of 3 to 27 % (Wolach et al, 2010). The occurrence of rituximab-induced late-onset neutropenia has been reported to be much lower in patients managed with rituximab for autoimmune disease, i.e. in the range of 1.3% to 2.3% (Salmon et al, 2015). Most common autoimmune diseases have been pemphigus vulgaris, rheumatoid arthritis, systemic lupus erythematosus and Wegener's granulomatosis, and most patients were either on simultaneous or successive immunosuppression which complicates these findings (Mealy & Levy, 2015). 
The mechanism of rituximab-induced late-onset neutropenia is unknown but is not thought to be due to direct drug toxicity 
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(Mealy & Levy, 2015; Wolach et al, 2010)
. Myeloid maturation arrest has been noted in some cases. This may come through emerging antibodies against neutrophils (Tesfa et al, 2011) or via development of aberrant B-cell reconstitution after rituximab administration (Moore, 2016). Polymorphisms in the immunoglobulin G (IgG) Fc receptor (Fc(R) may also contribute to development of neutropenia after rituximab treatment as patients harboring the Fc(RIIIa 158 V/F polymorphism were found to have a higher incidence of rituximab-induced neutropenia (Weng et al, 2010). Among patients receiving rituximab for noncancer indications, age and female gender have been found to increase the risk for this adverse event (Salmon et al, 2015). 
Although rituximab-induced late-onset neutropenia has the potential to be a long-lasting complication, neutrophil recovery following the use of G-CSF can occur within few days (Moore, 2016).
4. Conclusion

Rituximab-treatment of autoimmune diseases can cause a delayed and late-onset neutropenia that may last for an unpredictable amount of time. Most cases appear to be self-limiting and resolve without issue, but grade III and IV neutropenias may result in serious life-threatening complications requiring immediate medical intervention, and treatment with neutrophil growth factors may be warranted. There is no effective way to detect the rare patient at high risk for drug-induced severe agranulocytosis. Thus, with increasing use of off-label rituximab in treatment of MS, it is important to be aware of this possibility. Monitoring of the white blood cell count and white cell differential in order to permit early detection is recommended during five months following rituximab administration when the risk is expected to be the highest. It is not fully known and understood whether re-treatment with rituximab after neutropenia is a viable and safe option for patients. It has been previously reported that rechallenging a patient with rituximab following an episode of severe late-onset neutropenia can lead to recurrent episodes (Wolach et al, 2010), and  occasionally the recurrent episodes may become resistant to G-CSF treatment. With the possibility of recurrence and the unclear risks and implications of re-treatment, the decision to administer further doses of rituximab should be made on a case-by-case basis (Moore, 2016). 
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