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Objective

To address a novel lower-dose rituximab (RTX) therapy strategy based on our clinical experience and assess its efficacy and safety in neuromyelitis optica spectrum disorder (NMOSD).





Methods

A multicenter, open-label, self-controlled, prospective follow-up study. Totally, 108 NMOSD patients were enrolled and a lower-dose RTX strategy was applied including 100 mg weekly for 3 weeks and then reinfusions every 6 months. Annualized relapse rate (ARR), the expanded disability status scale (EDSS) score and length of spinal cord lesions were included to evaluate the efficacy. Side effects were recorded to assess the safety profile.





Results

Of 108 patients, 80 (74.1%) initiated low-dose RTX therapy immediately after acute attack treatment and 33 (30.6%) initiated it after the first attack. During a median treatment period of 35.5 (22.0–48.8) months, significant decreases were observed in median ARR (1.1 [0.8–2.0] versus 0 [0–0.2], p < 0.001), EDSS score (3.5 [2.5–4.0] versus 2.0 [1.0–3.0], p < 0.001) and spinal cord lesion segments (5.0 [4.0–8.0] versus 3.0 [1.0–6.0], p < 0.001). The cumulative risk of relapses significantly decreased during the post- versus pre-RTX period (HR 0.238, 95%CI 0.160–0.356, p < 0.001) and on early therapy initiated within 24 months after disease onset versus delayed therapy (HR 0.506, 95%CI 0.258–0.994, p = 0.041). No serious side effects were recorded and all the subjects did not discontinue treatment due to RTX-related side effects.





Conclusion

Our research provided evidence supporting the lower-dose RTX strategy in treating NMOSD and reopened the issues of optimal dosage and therapy initiation timing.
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a chronic autoimmune inflammatory disease of the central nervous system mainly characterized by optic neuritis and longitudinal extensive transverse myelitis. Additionally, it may present with syndromes of area postrema, brainstem, diencephalon, and cerebrum (1). Since the discovery of pathogenic antibodies against water channel protein aquaporin-4 (AQP4) (2), it is considered a separate disease entity distinct from multiple sclerosis and has a higher prevalence in East Asian and African populations than in Caucasian population (3, 4). NMOSD is a rare but clinically aggressive disease, where cumulative damages from frequent clinical relapses would result in permanent disabilities and even mortality. Therefore, seeking effective and safe immunosuppressive or immunomodulatory drugs would be necessary to prevent relapses and reduce disability.

Nowadays, only three recombinant monoclonal antibodies have been approved to treat AQP4-IgG seropositive NMOSD given a good efficacy and safety profile confirmed in phase 3 trials, including IL-6R-targeting satralizumab (5, 6), CD19-targeting inebilizumab (7) and complement 5-targeting eculizumab (8). However, the economic costs and treatment compliance need to be taken into consideration when a long-term therapy would be applied for NMOSD. Moreover, no access or difficult access to these drugs in China limits their wide use and also promotes the attempts for alternative treatments. In the past two decades, off-label use of conventional immunosuppressive drugs such as mycophenolate mofetil (MMF) or azathioprine (AZA) has been extensively accepted (9, 10), but long-term daily medication affects treatment compliance to some extent. Instead, some biologic agents such as rituximab (RTX) have been increasingly applied to treat NMOSD (11–13) and are more effective than AZA or MMF in the prevention of subsequent clinical relapses and the improvement of severity of disability (14–16).

RTX is a monoclonal antibody against CD20 on the surface of B cells that was approved initially to treat non-Hodgkin lymphoma (17). Given the pathogenesis of AQP4-IgG mediated humoral immunity in NMOSD, B cell depletion by RTX off-label use has been considered as a possible treatment approach and shows good efficacy, and thus has been highly recommended as first-line therapy (18–20). However, there are no consensus on the protocols of RTX induction therapy and re-treatment, including optimal RTX dosage and timing of therapy initiation. In the majority of previous studies, patients received intravenous infusion of 1 g RTX twice 2 weeks apart or 375 mg/m2 once weekly for 4 weeks as induction therapy, and maintenance reinfusions were administered mainly based on circulating B-cell subset percentages or counts or at a pre-specified fixed interval (19). However, the timing for initiating RTX therapy remains undetermined. Additionally, long-term high-dose RTX therapy may increase the risk of adverse effects of immunosuppression especially fatal consequences (11, 19, 21). The associated costs and treatment compliance of long-term therapy should also be taken into consideration in the majority of NMOSD patients. Thus, as alternatives of conventional high-dose RTX therapy, any effective treatment strategy that minimizes unnecessary exposure to the drug and allows significant cost savings and safety would be beneficial. Up till now, lower doses have been suggested, up to 100 mg RTX per infusion, to find the minimal effective dose in NMOSD and other autoimmune diseases (13, 22, 23). Herein, we addressed a novel lower-dose RTX (LD-RTX) strategy deriving from our real-world clinical practice and assessed its effectiveness and safety in treating NMOSD in a multicenter, open-label, self-controlled, prospective follow-up study conducted in the northwest of China.





Methods




Subjects and study design

This is a multicenter, open-label, self-controlled, prospective follow-up study registered at ClinicalTrials.gov (No.: NCT04256252). A total of eligible 108 patients with NMOSD were enrolled from January 2014 to May 2019. Inclusion criteria included: (1) age between 16 and 75 years old, (2) fulfilling 2006 diagnostic criteria for NMO (24) or 2015 diagnostic criteria for NMOSD (25), (3) at least two relapses in past 2 years and/or at least one attack or relapse in past one years, (4) willingness to enrollment of this study and disease-related assessments, and (5) negative pregnancy tests for female subjects prior to inclusion, and effective contraception for all subjects during the study period. The following exclusion criteria were applied: (1) use of other immunosuppressive agents or discontinuation for less than three months, (2) white blood cell < 3×109/L, neutrophil < 1.5×109/L, hemoglobin < 85 g/L, or platelet < 80×109/L, (3) coexisting active liver disease or persistent transaminases elevation, (4) presence of serious blood, kidney, cardiovascular, and endocrine diseases, serious infection, or history of malignancies, (5) other chronic active immune diseases or stable conditions but requiring immunosuppressivr agents or glucocorticoids, (6) pregnant or lactating subjects and those with family planning, and (7) allergy to rituximab and its other components. The present study was approved by the Ethics Committee of Tangdu Hospital, Air Force Medical University (approval No. 2014120), and informed consent was obtained from all subjects or their legal representatives before LD-RTX therapy initiation.





Treatment protocol

The LD-RTX therapy protocol consisted of induction therapy and maintenance therapy. RTX was administered at a dose of 100 mg once weekly for 3 weeks as induction therapy. Maintenance therapy was reinfusions of RTX at 100 mg once every 6 months according to the percentages of circulating B cell subsets and patient’s preference. Rescue therapy for relapses was intravenous methylprednisolone 500-1000 mg for 5 consecutive days, and then oral prednisone was initiated at 0.6-1.0 mg/kg and decreased gradually over approximately 3 months. An additional cycle of RTX induction therapy was administered following intravenous methylprednisolone therapy for relapses. Before each RTX infusion, the patient received 0.3 g of oral Ibuprofen and 10 mg of intravenous dexamethasone to prevent possible flu-like symptoms and infusion-related allergic reactions. The percentages of circulating B cell subsets in peripheral blood mononuclear cells (PBMCs) were assessed by flow cytometry before and after LD-RTX induction therapy, and then every 6 months. B-cell depletion was defined as a percentage of CD19+ B cells lower than 1% and CD19+CD27+ memory B cells lower than 0.05%. Once B cell repopulation (percentages of CD19+ B cells > 1% and/or memory B cells > 0.05%) occurred at the pre-specified time points, a maintenance reinfusion of LD-RTX would be recommended.





Efficacy and safety assessments

All the subjects were treated with LD-RTX for at least 12 months. The primary outcome measure for efficacy assessments was annualized relapse rate (ARR) before and after LD-RTX therapy. Clinical relapses were defined as the occurrence of new neurological symptoms or the worsening of previous symptoms maintaining more than 24 hours, with an increase of DESS score by at least 0.5 points. The change of EDSS scores prior to and after LD-RTX therapy was used as the secondary outcome measure, and the lesions on spinal cord MRI were evaluated before and after LD-RTX therapy. In addition, the safety profile was assessed by recording all adverse events related to RTX use. During this study period, EDSS scores were evaluated by two qualified neurologists together.





Statistical analyses

Categorical data are shown as number with percentage and continuous data as median with interquartile range (IQR). The chi-square test or Fisher’s exact test was used for categorical data to compare the inter-group differences, and Wilcoxon rank sum test or Student’s t test was used for inter-group comparisons of continuous data with skew or normal distribution. The changes of ARR, EDSS and spinal cord lesions before and after LD-RTX therapy were analyzed by the Wilcoxon matched-pairs signed rank test. As previously suggested (14), pre-RTX ARR could be calculated only when disease duration prior to LD-RTX therapy initiation lasted for at least 6 months to avoid the potential overestimation. For ARR comparison, only patients with ARR values of both pre- and post-RTX were included. The Kaplan-Meier survival curve was adopted to analyze the cumulative risk of relapses during pre- versus post-RTX periods and in early versus delayed RTX therapy groups, and inter-group differences were compared by the Mantel-Cox log-rank test. All statistical analyses were performed using the SPSS 23.0 software, Graphpad Prism 7 and R software version 4.2.2 for Windows. Statistical significance was set at the level of p < 0.05.






Results




Patient characteristics

A total of 108 eligible patients diagnosed with NMOSD were eventually enrolled in the present study, with the enrollment flowchart shown in Figure 1. Of them, 11 patients enrolled between January 2014 and November 2015 according to 2006 NMO diagnostic criteria initially also fulfilled 2015 NMOSD diagnostic criteria. Table 1 illustrates the baseline characteristics of all the patients, including 96 females and 12 males. AQP4-IgG was detected positive in sera from 92 patients, and the other 15 cases had negative results and one case with the result not available, with the comparison of clinical characteristics were revealed in Table 1. Overall, the median age at onset was 39.5 (IQR, 28.3–51.0) years and the median interval from disease onset to LD-RTX therapy initiation was 15.0 (2.0–46.8) months. Myelitis was the most common phenotype of the first attack with an incidence rate of 51.9%, followed by optic neuritis (31.5%). The clinical characteristics of patients who had experienced one attack or at least 2 attacks prior to LD-RTX therapy initiation were compared and shown in Table 2. LD-RTX therapy was initiated in 80 (74.1%) patients immediately after intravenous methylprednisolone rescue therapy for acute attacks, whereas other 28 (25.9%) initiated at the remission stage. All the patients had received immunotherapy prior to RTX use. Of them, 107 (99.1%) has ever treated with steroids, 13 (12.0%) with intravenous immunoglobulin, and 21 (19.4%) with other immunosuppressants including mycophenolate mofetil (MMF), azathioprine (AZA), ciclosporin A (CYC), and cyclophosphamide (CTX). Of note, these immunosuppressive agents had been discontinued for at least 3 months prior to LD-RTX therapy initiation. B-cell depletion was achieved in all subjects after LD-RTX induction therapy. The detailed data on relapses and LD-RTX therapy throughout disease course of all the 108 patients was shown in Figure 2. In total, 35 (32.4%) patients experienced at least one relapse during the post-RTX period, and the occurrence of each relapse and its time relevance to the last reinfusion of RTX was depicted in Supplemental Figure 1. Moreover, the comparison of clinical characteristics of patients with relapses or not during the post-RTX period was revealed in Supplemental Table 1. Of the 35 patients who experienced post-RTX relapses, 4 had switched from RTX to AZA or MMF till the last follow-up. In addition, three patients had been enrolled in other clinical trials but not due to dissatisfaction with the efficacy of LD-RTX therapy. One patient had died of depression not related to NMOSD.




Figure 1 | Flowchart of NMOSD patient enrollment in this study.




Table 1 | Clinical characteristics of 108 NMOSD patients enrolled in this study.




Table 2 | Comparison of clinical characteristics of patients according to the number of attacks prior to LD-RTX therapy initiation.






Figure 2 | The detailed information on relapses and LD-RTX therapy throughout the disease course of all 108 patients. “0” on the x-axis represents the disease onset.







Effects of LD-RTX therapy on ARR and EDSS scores

The efficacy of LD-RTX therapy was evaluated mainly by the changes in ARR and EDSS score during a median post-RTX follow-up period of 35.5 (22.0–48.8) months. Overall, a dramatic decrease of median ARR was achieved at the end of this study compared with that prior to RTX therapy (0 [0–0.2] versus 1.1 [0.8–2.0], Z -7.196, p < 0.001). It was of note that the overwhelming majority of the subjects (97.1%, 68/70) had a reduction in their ARRs (Figure 3A) and 73 (67.6%) were relapse-free. Similar to ARR, LD-RTX therapy also led to a significant decrease of EDSS score, with the median score from 3.5 (2.5–4.0) before RTX therapy to 2.0 (1.0–3.0) after therapy (Z -8.320, p < 0.001). Specifically, the EDSS score decreased in 93 (86.1%) cases and remained unchanged in 12 (11.1%) cases (Figure 3B).




Figure 3 | Efficacy assessments of LD-RTX therapy in each NMOSD patient. (A) Changes in annualized relapse rate (ARR) after therapy compared to before therapy (n = 70). Thirty-eight patients were not included due to a disease duration of less than 6 months prior to the first RTX infusion. Pre-RTX indicates the period from disease onset to the initiation of LD-RTX therapy, and post-RTX indicates the period from the initiation of LD-RTX therapy to the last follow-up. (B) Changes in EDSS score after therapy compared to before therapy (n = 108). (C) Changes in length of spinal cord lesions after therapy compared to before therapy (n = 53). The red line indicates an increased tendency, the yellow indicates no change and the blue indicates an decreased tendency. Blue half violin shows the distribution of efficacy measures at each time point. For (B, C), pre-RTX indicates the time point of disease onset and post-RTX indicates the time point of the last follow-up.



The median time to first relapse was 11.0 (4.8–24.0) months for the patients who experienced at least one relapse during the pre-RTX period, while the value was 12.0 (7.8–19.2) months for those during the post-RTX period (inter-group comparison, p = 0.501). Moreover, the median time to the first relapse was 14.0 (10.0–27.0) months for patients who experienced at least one relapse on early therapy initiated within 24 months after disease onset and 13.0 (4.0–18.0) months for those on delayed therapy (inter-group comparison, p = 0.316). We used the Kaplan-Meier survival curves to analyze the cumulative risk of developing relapses in all patients. The cumulative risk during the post-RTX period was significantly lower than that during the pre-RTX period (hazard ratio [HR] 0.238, 95%CI 0.160–0.356, p < 0.001; Figure 4A). As illustrated in Figure 4B, early RTX therapy was associated with a decreased cumulative risk compared to delayed therapy (HR 0.506, 95%CI 0.258–0.994, p = 0.041).




Figure 4 | Cumulative survivals without relapse over time (months) as depicted by the Kaplan-Meier curve. (A) Comparison between pre- and post-RTX periods. One patient was not included due to the time from disease onset to the first relapse not available. “0” on the x-axis represents the disease onset in the pre-RTX group and the initiation of LD-RTX therapy in the post-RTX group. (B) Comparison between early therapy and delayed RTX therapy. “0” on the x-axis represents the initiation of LD-RTX therapy. Patients who experienced the first relapse from the pre-specified time point were censored, as presented by narrow vertical lines.







Effects of LD-RTX therapy on spinal cord lesion segments

As an additional index of therapeutic efficacy, the changes in spinal cord lesions were compared in 53 patients who had available pre- and post-RTX MRI results. The median length of the lesion segments was 5.0 (4.0–8.0) before LD-RTX therapy and dropped to 3.0 (1.0–6.0) after therapy (Z -3.984, p < 0.001). As shown in Figure 3C, the decrease in the length of spinal cord lesions occurred in 31 (58.5%) cases and lesions disappeared completely in 6 (11.3%) cases. Although no changes in spinal cord segments were observed after RTX therapy in the remaining 16 (30.2%) cases, an obvious reduction of lesion volume was confirmed in these patients (data not shown).





Circulating B cell monitoring

Flow cytometry was performed to monitor the dynamics of circulating CD19+ B cell and CD19+CD27+ memory B cell subsets throughout LD-RTX therapy period. LD-RTX induction therapy led to B-cell depletion in all patients and this effect still remained at 3 months after induction. At 6 months after induction and thereafter, the median percentages of these two cell subsets in total PBMCs always maintained above the cut-off value of B-cell depletion (Figure 5), and similar percentages were detected when post-RTX clinical relapses occurred.




Figure 5 | Dynamic monitoring of circulating CD19+ B cells and CD19+CD27+ memory B cells in PBMCs. The black dotted line represents the cut-off percentage of CD19+ B cells of 1%, and the brown dotted line represents the cut-off percentage of memory cells of 0.05%.







Safety profile of LD-RTX therapy

During the study period, 22 (20.4%) of 108 patients experienced RTX-related side effects, including infusion-related reactions and other adverse events. As shown in Table 3, skin rash was the most common infusion-related reaction occurring in 7 (31.8%) of the 22 patients, followed by flu-like symptoms (27.3%, 6/22), skin pruritus (18.2%, 4/22), sweating (13.6%, 3/22), palpitation (4.5%, 1/22) and laryngeal edema (4.5%, 1/22). All the side effects were mild and transient and could be rapidly relieved by lowering the infusion rate or by anti-allergic therapy. Other adverse events included alopecia (36.4%, 8/22), fatigue (9.1%, 2/22), muscle aches (9.1%, 2/22), urinary infection (4.5%, 1/22) and hemoglobin drop (4.5%, 1/22). No serious side effects such as tumors, progressive multifocal leukoencephalopathy, and serious infections were observed during the study period.


Table 3 | Distribution of LD-RTX-related side effects in 22 NMOSD patients.








Discussion

Rituximab (RTX) has been well recommended as first-line therapy to prevent relapses of NMOSD. However, there is no consensus on RTX dosage regimen due to the fact of off-label use and the lack of large-scale prospective randomized controlled trials. This study was led by Tangdu Hospital of Air Force Medical University, where a dose of 100 mg RTX once weekly for 3 weeks as induction therapy and reinfusions of 100 mg RTX every 6 months as maintenance therapy are the typical treatment approach for NMOSD patients. Based on the pilot satisfactory outcome of this strategy in our single center, we conducted this multicenter, open-label, self-controlled, prospective follow-up study in the northwest of China to clarify the effectiveness and safety of this LD-RTX strategy in treating NMOSD. The key findings include the following: (1) our LD-RTX strategy is demonstrated to be effective based on the significant decrease of ARR, EDSS score and length of spinal cord lesions after RTX therapy; (2) the satisfactory safety profile of our regimen is also confirmed based on a low risk of developing RTX-related side effects and a low switch rate to other immunosuppressants; and (3) the dramatic decrease of cumulative risk of relapses during post- versus pre-RTX therapy periods and on early versus delayed therapy reinforces the necessity and importance of initiating LD-RTX therapy as early as possible.

The efficacy of RTX in treating NMOSD has been widely demonstrated since the first report by Cree et al. in 2005 (12). However, the majority of prior studies conducted in Caucasian population have adopted the high dose of RTX induction regimen similar to that used in B cell lymphoma, i.e., 375 mg/m2 once weekly for 4 consecutive weeks or 1000 mg twice 2 weeks apart. The maintenance reinfusions (500-1000 mg/cycle) were administered every 6 to 9 months according to clinical functional status and patient’s choice (26) or depending on circulating B cell repopulation. Besides the economic costs of this high-dose regimen, the prescription should be given with caution due to the potentially serious adverse effects including death (19, 21). In such a perspective, low-dose strategies would be of great promise in the context of ensuring efficacy and safety. During the last decade, several groups from China have attempted various modified dosages of RTX strategies for NMOSD and achieved a good efficacy and safety profile, exhibiting a better efficacy than other immunosuppressive agents such as AZA or MMF (13, 27, 28). In these retrospective studies of small sample sizes, the RTX induction regimen included 100 mg once weekly for 3-4 consecutive weeks, and then the percentages of circulating CD19+ B cells and/or CD19+CD27+ memory B cells were monitored every 4-12 weeks. The maintenance infusion was restarted whenever B cells were repopulated. In contrast, a lower dose of RTX strategy was applied in this study than those in any prior studies, including 300 mg of induction dose and then repeated maintenance reinfusions of 100 mg at a fixed 6-month interval. Encouragingly, our LD-RTX strategy maintained good efficacy over a median of 35.5 months, as manifested by the marked reduction of median ARR by 100%, median EDSS score by 43%, and median length of spinal cord lesions by 40%. More notably, 67.6% of patients were relapse-free, 86.1% had improved EDSS scores and 58.5% had reduced or disappeared spinal cord lesion segments, which is similar to those of other studies assessing the effectiveness of low- or standard-dose RTX strategies in treating NMOSD (29–31). In our opinion, the lower dose of RTX strategy applied in this study would be a promising option for treating NMOSD. Additionally, our data provide insights into optimal RTX dosing exploration in the future.

To date, the timing of initiating RTX therapy in NMOSD patients remains undetermined. In a recent practical guideline of the NOMADMUS group from France, an expert consensus was obtained for recommending no window between the end of rescue therapy for acute attacks (i.e., high doses of steroids and/or plasma exchanges) and RTX therapy initiation (32). The view is well followed in this study where 80 (74.1%) patients started LD-RTX therapy immediately after acute attack treatment, which simulates the real-world setting in clinical practice. Another retrospective study provides a novel clue for early RTX use based on the finding that RTX therapy initiated within 24 months of NMO onset resulted in a more dramatic reduction of ARR, although the same dosages of RTX initiated 24 months later also achieved a significant ARR drop compared with before treatment (20). In this study, 61 patients received early LD-RTX therapy and more than half (54.1%, 33/61) of the cases were first-onset. The concept of starting RTX therapy earlier is further reinforced since the cumulative risk of relapses in the patients receiving early LD-RTX therapy significantly decreased compared to those receiving delayed therapy. Although the median time to the first relapse was not markedly prolonged during post- versus pre-RTX therapy periods and on early versus delayed therapy, a dramatic decrease of cumulative risk of relapses gives sufficient support to the use of RTX as early as possible and as sequential therapy following acute attack treatment.

Regarding the timing of maintenance RTX reinfusion, there is an absence of a standardized protocol. The majority of previous studies monitored the count and/or percentage of circulating CD19+ B cells, especially CD19+CD27+ memory cells at varying time intervals. A widely accepted cut-off of B-cell depletion are the percentage of CD19+ B cells lower than 1% (22), or that of memory B cells lower than 0.05% in the initial two years and 0.1% thereafter (18). RTX reinfusions were administered whenever B cells were repopulated, even though the dosage of RTX varied from one to another (13, 18, 20, 33, 34). Greenberg et al. (22) compared the time to B-cell repopulation (defined as a CD19 percentage of 2% or greater) after different RTX doses and found that 1000 mg per dose yielded more prolonged B-cell depletion than 100 mg per dose (184 ± 72 days versus 99 ± 36 days), which may provide support to more frequent reinfusion when low RTX dosing strategies were applied (13, 27, 28, 35, 36). Although the association of clinical relapses with B-cell repopulation has been well determined to date, it is of note that we have observed that many patients with B-cell repopulation maintained a long-term relapse-free condition in real-world clinical practice. Similar findings come from a recent study in which 2 NMOSD patients receiving low-dose RTX therapy maintained a relapse-free condition at the majority of time points when B-cell repopulated but not receiving reinfusions, raising the question of whether the low threshold of B cells is an obligatory monitoring indicator of repeated RTX reinfusions (37). In this study, a fixed 6-month interval of RTX reinfusion was determined based on our clinical experience and it was longer than those of other low-dose RTX strategies (13, 27, 28, 35, 36). Encouragingly, our strategy with a longer time interval of reinfusion is sufficient to maintain a clinical remission status, as demonstrated by 67.6% relapse-free patients at the end of the study. Thus, our results reopen the issue of the optimal cut-off level of B cells for repeated RTX reinfusions which required future investigation.

The safety and tolerability of our LD-RTX strategy are well established. The frequency of side effects in our study was lower than the conventional dose strategies (18, 34, 38) but similar to the low dose strategies (28, 36, 39). Consistent with these prior studies, the most common were infusion-related reactions. It is of note that no serious adverse events were recorded and no patients discontinued RTX treatment because of side effects related to RTX use. Meanwhile, no increment of the incidence rate of side effects were determined with the extension of therapy duration. Considering that long-term high-dose RTX may be accompanied by the increased risk of adverse effects of immunosuppression especially fatal outcomes (11, 19, 21), our strategy with a lower cumulative dose of RTX might become a better treatment option guaranteeing both efficacy and safety.

Our research has several limitations. Firstly, it was not designed in a randomized, double-blind manner. Thus, the control group was absent and it would inevitably limit the level of evidence from our data. Secondly, a high proportion (35.2%, 38/108) of patients have a disease duration of less than 6 months prior to the first RTX infusion. As a result, these patients were not included when comparing the ARR before and after RTX therapy. It was sufficient to avoid the potential overestimation, but future investigation with valid data for all enrolled subjects is warranted to achieve reliable conclusions. Thirdly, we notice that 74.1% of patients had no therapeutic window between the end of rescue therapy for acute attack and LD-RTX therapy initiation. Although this reflects real-world clinical situations, RTX therapy following glucocorticoids might have affected the post-RTX evaluations of EDSS score and length of spinal cord lesions. Thus, these two are only taken as the secondary outcome measures in the present study. Future prospective, well-designed investigations are required to validate the conclusions derived from our study.

In conclusion, a novel lower-dose RTX therapy strategy is addressed and new attempts in terms of RTX initiation and reinfusion timing are made in this study. Our LD-RTX therapy significantly reduces clinical relapses and disability and would be of great promise in the context of ensuring both efficacy and safety.
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Clinical phenotype of the first attack
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Optic neuritis, (%) 34 (31.5) 28 (30.4) 6(37.5) 0.771
Area postrema syndrome, n (%) 12 (11.1) 10 (10.9) 2(12.5) 1.000
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EDSS post-RTX, median (IQR) 2.0 (1.0-3.0) 2.0 (1.0-3.5) 1.0 (1.0-1.9) 0.011

Side effect, n (%) 22 (20.4) 16 (17.4) 6(37.5) 0.090

ARR, annualized relapse rate; AQP4, aquaporin-4; EDSS, expanded disability status scale; IQR, interquartile range; NMOSD, neuromyelitis optica spectrum disorder; RTX, rituximab.





