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Objective

To methodically assess the effectiveness and safety of rituximab in treating primary Sjögren’s syndrome.





Methods

The search included databases such as PubMed, Embase, the Cochrane Library, and Web of Science, covering the period from the beginning until December 2023. A meta-analysis was conducted using Stata 14.0 software.





Results

Five randomized controlled trials (RCTs) with a total of 340 patients were incorporated. The meta-analysis revealed that the group treated with rituximab had significantly lower scores in ESSPRI, pain VAS, serum IgG levels and The blood B cell level was significantly reduced, demonstrating superior results compared to the control group. However, the treatment did not effectively reduce the ESSDAI score, stimulated and unstimulated salivary flow rates and Schirmer’s test results. However, it did lead to a reduction in RF levels and enhanced complement C4 were not statistically different from the values in the control group. The occurrence of adverse events, such as infection, did not show a statistically significant difference between the two groups.





Conclusion

Research has demonstrated that rituximab can decrease the levels of serum IgG and serum B cells in individuals with Sjögren’s syndrome. Additionally, it can significantly enhance the ESSPRI score and pain VAS score in patients. However, it does not have a notable impact on glandular function. The occurrence of adverse effects was like that of the control group. Given the scarcity of research, the findings may be influenced by bias, and a substantial quantity of rigorous investigations is required to validate them.
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1 Introduction

Sjögren’s syndrome (pSS) is a chronic systemic autoimmune disease characterized by dryness of the mouth and eyes. It can also affect various other systems in the body, including the skin, joints, muscles, lungs, kidneys, nerves, and blood (1–3). SS can either be primary Sjogren syndrome (pSS) or secondary Sjogren syndrome (sSS) when patients have another well defined major connective tissue disease, in particular rheumatoid arthritis and systemic lupus erythematosus (4).This condition significantly impacts the quality of life for patients and can even pose life-threatening risks (5, 6). SS pathogenesis remains unclear, though it is likely a complex process involving genetic factors and environmental triggers that cause an atypical immune response. The strongest link has been found with HLA class II genes like HLA-DQB1 and HLA-DQA1, indicating that presenting antigens to CD4+ T cells, resulting in excessive immune activation, is a key pathogenic mechanism (7, 8). Of note, in individuals with Sjögren’s syndrome, the presence of numerous autoantibodies in the serum indicates an important level of B cell activity. B cells are crucial in the progression and development of pSS (9, 10). Currently, there is no established and efficacious treatment for pSS (11).There is a dearth of effective pharmaceutical treatments supported by evidence-based medicine for many conditions such as dryness, weariness, discomfort, and internal organ damage. Currently, most of the medications utilized are based on empirical treatment approaches or borrowed from the treatment of similar disorders.

The Standard of care (SoC) in systemic autoimmune diseases consists of treatment with corticosteroids and conventional immunosuppressive drugs (12). Among them, rituximab, also known as Rituximab RTX, is a type of monoclonal antibody that is made up of both human and mouse components. It works by triggering an immune response that leads to the destruction of B cells. This is achieved by attaching particularly to a protein called CD20, found on the surface of B cells. It has been extensively utilized in the treatment of rheumatoid arthritis (13) as well as connective tissue illnesses including systemic lupus erythematosus. Since the confirmation by SomerBG (14) and other researchers of the effectiveness of rituximab in treating Sjögren’s syndrome with lymphoma, a significant number of researchers have been actively doing relevant studies on the application of RTX in pSS. However, the current research findings are inconclusive and vary. Some RCTs have reported that there was significant improvement from baseline in fatigue visual analog scale, social functioning in the rituximab group in contrast to the placebo group (15, 16). However, a RCT indicated that rituximab is neither clinically effective nor cost-effective in this patient population (17). Considering the recent progress in using rituximab for pSS, it is both relevant and new to perform a meta-analysis to determine the drug’s efficacy and safety in symptom improvement.

This study aimed to conduct a meta-analysis to summarize and analyze the effectiveness and safety of rituximab in treating primary Sjögren’s syndrome (pSS). The goal was to evaluate the clinical value of rituximab comprehensively and quantitatively in the treatment of pSS.




2 Methods



2.1 Search strategy

This systematic review and meta-analysis were conducted based on the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines (18). Studies were only selected for inclusion in accordance with the following PICOS criteria. The literature was searched using various databases including PubMed, Embase, Cochrane Library, Web of Science databases. Additionally, hand searched reviews and references were also included. The PubMed search strategy for this condition are: (“sjogren s syndrome”[Title/Abstract] OR “sjogrens syndrome”[Title/Abstract] OR “syndrome sjogren s”[Title/Abstract] OR “sjogren syndrome”[Title/Abstract] OR “sicca syndrome”[Title/Abstract] OR “syndrome sicca”[Title/Abstract]) AND (“Rituximab”[Title/Abstract] OR “cd20 antibody”[Title/Abstract] OR “rituximab cd20 antibody”[Title/Abstract] OR “Mabthera”[Title/Abstract] OR “idec c2b8 antibody”[Title/Abstract] OR “IDEC-C2B8”[Title/Abstract] OR ((“Rituximab”[Supplementary Concept] OR “Rituximab”[All Fields] OR “GP2013”[All Fields] OR “Rituximab”[MeSH Terms]) AND “Antibody”[Title/Abstract]) OR “GP2013”[Title/Abstract] OR “Rituxan”[Title/Abstract]). The searches were done till 10 July 2023.




2.2 Inclusion and exclusion criteria



2.2.1 Inclusion criteria

(1) Study type: The included publications were randomized controlled trials published domestically and internationally, written in either Chinese or English. (2) The study aimed to assess the therapeutic efficacy of RTX in pSS, with an observation duration of 24 weeks. (3) Research subjects: The experimental group fulfilled the classification criteria jointly amended by ACR/EULAR in 2010. The control group comprised individuals in good health or had other connective tissue disorders and tended to become easily disoriented. (4) Intervention: The experimental group received either rituximab alone, rituximab in combination with glucocorticoids, or rituximab in combination with glucocorticoids and disease-modifying anti-rheumatic drugs (DMARDs). The control group employed a combination of placebo, glucocorticoids, DMARDs. Some examples of traditional drugs are leflunomide, methotrexate, hydroxychloroquine, and mycophenolate mofetil. (5) Outcome measurements: The primary outcome measures were the effective rate, ESSDAI score, SF-36 score, and VAS score. Secondary outcomes include measurements of unstimulated salivary flow rate, stimulated salivary flow rate, Schirmer’s test, RF levels, complement C4 levels, CD20 levels, and the risk of infection.




2.2.2 Exclusion criteria

(1) Either a control group study was not conducted, or the control group consisted of a single DMARDs medication research. (2) The prescribed amount and frequency of administration is not 1000 mg, once every two weeks. (3) The follow-up period did not encompass the 24-week trial. (4) The complete text and accurate Statistics were not acquired by direct communication with the authors or researching the relevant literature.





2.3 Extraction of data

The task is carried out autonomously by two researchers, and in the event of divergent outcomes, it will be addressed through negotiation or consultation with experts. Extracted contents: (1) Research background and design information: includes the research article number, publication time, and research country. It also includes details about the race, mean age, number of participants, male-female ratio, course of disease, diagnostic criteria, interventions used, and observation period. (2) Outcome measures: includes ESSDAI score, SF-36 score, VAS score, unstimulated salivary flow rate, stimulated salivary flow rate, Schirmer test results, RF levels, IgG levels, complement C4 levels, CD20 levels, and any adverse events reported. or by performing calculations to acquire the facts.




2.4 Evaluation of research quality

The literature’s quality was assessed using the QUADAS-2, a tool included with Review Manager 5.2 software, which evaluates the quality of diagnostic accuracy studies. The task is carried out autonomously by two researchers, and in the event of disparate outcomes, they will be settled through negotiation or consultation with experts.




2.5 Statistical processing

Stata 14.0 software was used for publication bias assessment, heterogeneity testing, data pooling, and funnel and forest plots. A Random-effects model was used to perform a meta-analysis of the included studies. The processed data is continuous data, and the weighted mean difference (WMD) is used when the units are consistent, and the standardized mean difference (SMD) is used to process the units are inconsistent. 0.05 was used as the cut-off point in the effect size. The heterogeneity of the included studies was assessed using household and Cochran’s Q tests. Based on the results, the degree of heterogeneity was classified as non-existent, low, moderate, or high, depending on whether it was less than 25%, between 25% and 50%, between 50% and 75%, or greater than or equal to 75%, respectively. Funnel plots and Egger’s test were used to identify publication bias in the studies included. In the presence of publication bias, the “trim and fill” method was used to assess the combined findings’ robustness.





3 Results



3.1 Search results

A total of obtained items were retrieved in the initial search. Out of 191 papers, 113 articles remained after removing duplicates based on the title. After further filtering by considering both the article title and abstract, excluding reviews, systematic reviews, and meta-analysis, 39 articles were left. Upon downloading and thoroughly reviewing the complete text, a compilation of 5 publications was identified, omitting literature pertaining to therapies, outcome measures, research participants, and data that was unavailable (15–17, 19, 20). Figure 1 as PRISMA flowchart to provides details concerning the 5 rationale for rejecting studies.


[image: ]

Figure 1 | Flow chart of studies selection.






3.2 Literature quality evaluation and basic characteristics



3.2.1 Include the basic characteristics of the literature

This meta-analysis had 338 patients (Table 1) with 183 individuals in the experimental group and 155 in the control group. All participants received treatment with standard medications.


Table 1 | Basic characteristics included in the study.






3.2.2 Literature quality evaluation

Review Manager 5.3: The program is included. QUADAS-2, also known as quality evaluation of diagnostic accuracy studies-2, is a tool used to assess the quality of diagnostic accuracy studies. This is a meta statement. An analysis was conducted to evaluate the quality of the studies included. The Cochrane Handbook version 5.1.0 suggests using randomized controlled trials (RCTs).

A bias risk assessment was conducted, and the findings were displayed as a risk of bias map, with green indicating insignificant risk, yellow indicating uncertain danger, and red indicating considerable risk (Figure 2).


[image: ]

Figure 2 | Results of bias risk assessment included in the study.







3.3 Efficacy evaluation



3.3.1 ESSDAI score

The ESSDAI study incorporated three (17, 19, 21) randomized controlled trials (RCTs), with a combined total of 277 people. A meta-analysis utilizing a fixed-effect model revealed that there was no statistically significant distinction between the rituximab group and the control group in terms of ESSDAI score both before and after treatment [MD=0.28, 95%CI (-0.59, 1.14)]. Additionally, the rituximab group did not demonstrate a significant reduction in patients’ ESSDAI score (Figure 3).


[image: ]

Figure 3 | Meta-analysis of the outcome ESSDAI at week 24.






3.3.2 ESSPRI score

The ESSPRI score incorporated two (17, 19) RCTs. These trials involved 157 participants. A meta-analysis employing a fixed-effect model revealed that the ESSPRI score was significantly reduced in the rituximab group compared to the control group [MD=0.78, 95%CI (0.24 to 1.33)]. This suggests that rituximab treatment can effectively lower the ESSPRI score in patients (Figure 4).


[image: ]

Figure 4 | Meta-analysis of the outcome ESSPRI at week 24.






3.3.3 VAS score is divided into pain, fatigue, and dry mouth scores

Two (19, 21) RCTs involved a total of 144 patients and assessed pain using the Visual Analog Scale (VAS) score. A meta-analysis using a fixed-effect model revealed that the rituximab group had a larger difference in pain VAS scores before and after treatment. This indicates that rituximab significantly reduced the pain VAS scores of patients, with a statistically significant difference [MD=0.39, 95%CI (0.06, 0.72)]. (Figure 5).
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Figure 5 | Meta-analysis of the outcome VAS at week 24.



VAS fatigue score was included in four RCTs (16, 17, 19, 21) with a total of 294 patients. Meta-analysis using a random-effects model showed that there was no significant difference between the rituximab group and the control group before and after fatigue VAS score [MD = -0.28, 95% CI (-0.93, 0.37)]. The rituximab group did not significantly reduce the VAS fatigue score (Figure 5).

Three (15, 19, 21) RCTs with 174 patients in all included oral dryness VAS score. The rituximab group and the control group did not differ significantly before or after the VAS score for dry mouth [MD = -0.51, 95% CI (-0.87, -0.15)] according to a fixed-effect model meta-analysis. The oral dryness VAS score was not much lowered in the rituximab group (Figure 5).





3.4 SF-36

The SF-36 score was used in four (15–17, 21) randomized controlled trials, involving 300 patients. A meta-analysis utilizing a random-effects model indicated that there was no substantial disparity observed between the rituximab group and the control group in terms of the SF-36 score, both before and after [MD=5.83, 95%CI (-1.02, 12.69)]. The group treated with rituximab did not show a significant reduction in the SF-36 score (Figure 6).
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Figure 6 | Meta-analysis of the outcome SF-36 at week 24.






3.5 Saliva flow rate:Stimulated saliva flow rate and unstimulated saliva flow rate

Two RCTs (15, 19) with 54 participants in all that stimulated salivary flow rate. A fixed-effect meta-analysis revealed no statistically significant difference between the rituximab and control groups [MD=0.10, 95%CI (-0.20, 0.40)]. Shows that the stimulus flow rate of the patient is not increased by rituximab (Figure 7).
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Figure 7 | Meta-analysis of the outcome stimulated salivary flow rate at week 24.



Four (15, 17, 19, 21) randomized controlled trials (RCTs) involving a total of 307 patients, measured the unstimulated salivary flow rate. A meta-analysis using a fixed-effect model revealed that there was no statistically significant distinction observed between the two groups [MD = 0.05, 95% CI (-0.01, 0.11)]. It is evident that rituximab does not have a positive impact on salivary flow rate (Figure 8).
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Figure 8 | Meta-analysis of the outcome unstimulated salivary flow rate at week 24.






3.6 The Schirmer trial

The Schirmer trial consisted of four (15, 17, 19, 21) randomized controlled trials (RCTs), involving a total of 312 patients. A meta-analysis utilizing a random-effects model revealed no statistically significant distinction between the two groups [MD=0.35, 95% CI (-0.22, 0.91)]. It has been found that rituximab does not have a positive impact on tear gland function in patients (Figure 9).


[image: ]

Figure 9 | Meta-analysis of the outcome Schirmer trial at week 24.






3.7 Immunoglobulin IgG

Two (19, 21) randomized controlled trials (RCTs) were conducted, involving 144 patients, IgG was included as a factor in these trials. A meta-analysis utilizing a fixed-effect model revealed a significant decrease in IgG levels within the rituximab group when compared to the control group [MD = -1.19, 95% CI (-1.61 to -0.77)]. There was no discernible distinction in IgG levels between the two (Figure 10).
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Figure 10 | Meta-analysis of the outcome IgG at week 24.






3.8 RF

RF ratings were used in two RCTs (15, 19) included 54 participants in all. A fixed-effect model meta-analysis revealed no statistically significant difference [MD = -56.52, 95% CI (-141.27, 28.22)] between the two groups. The group using rituximab did not lower RF. levels (Figure 11).
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Figure 11 | Meta-analysis of the outcome RF at week 24.






3.9 C4

The C4 score comprised two RCTs (19, 21) with 144 patients in all. The two groups did not differ statistically significantly [MD=0.05, 95%CI (-0.04, 0.15)] according to a random-effects meta-analysis. The findings showed that the rituximab group was unable to raise C4 levels (Figure 12).
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Figure 12 | Meta-analysis of the outcome C4 at week 24.






3.10 B cells

B cells were included in two (15, 19) randomized controlled trials (RCTs), respectively, involving a total of 54 patients. A meta-analysis utilizing a random-effects model revealed that there was no statistically significant disparity between the two groups [MD)= -1.29, 95%CI (-1.91, -0.67)]. The findings demonstrated that the group treated with rituximab exhibited a substantial decrease in the concentration of B cells (Figure 13).
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Figure 13 | Meta-analysis of the outcome B cell at week 24.






3.11 Infection risk assessment

In order to evaluate the likelihood of infection, three RCTs (15, 19, 21) were analyzed, involving a total of 402 patients. The meta-analysis, employing a fixed-effect model, demonstrated that there was no statistically significant distinction between the two groups [MD = 1.00, 95% CI (0.61, 1.63)]. There was no notable disparity in the risk of infection between the two groups.





4 Discussion

Patients with primary Sjogren’s syndrome (pSS) have multiple autoantibodies in their bodies, such as SS-A (Ro), SS-B (La), and rheumatoid factor (RF), as well as abnormal lymphoid tissue development in exocrine glands. This evidence suggests that B cells have a significant impact on the pathogenesis of pSS (22). Rituximab is a chimeric monoclonal antibody that targets the CD20 antigen on B cells, triggering an immunological response and causing B cell destruction. In theory, rituximab has shown potential as a treatment for pSS. Clinical practice has demonstrated positive outcomes for some patients with pSS, particularly those with severe cases or lymphoma. The European League Against Rheumatism (EULAR) 2019 has developed recommendations for the treatment of Sjögren’s syndrome, both topically and systemically. It suggests that B-cell targeting could be an option for patients with severe refractory systemic disease associated with primary Sjögren’s syndrome (23). This meta-analysis confirmed that patients with pSS underwent a 24-week treatment, there was a considerable drop in the number of B cells. Nevertheless, the specific time frame for administering rituximab as a treatment for pSS has not been established, and the duration of observation differs across different studies. The trials published observational data at 12 weeks, 24 weeks, and 36 weeks, indicating that B lymphocytes were significantly reduced at 12 weeks and did not return to their initial levels by 36 weeks. This study will provide valuable references for tailoring the dose interval of rituximab in the treatment of pSS.

The levels of RF and IgG in individuals with pSS were predominantly elevated, with IgG being identified as a marker for assessing the activity of Sjögren’s syndrome, which is directly associated with cutaneous vasculitis. A meta-analysis has been verified, Rituximab has a notable effect in decreasing blood IgG levels and alleviating the symptoms of vasculitis in patients.

Clinically, a sizable portion of pSS patients just experience dry mouth and eyes, which show up as frequent thirst, trouble swallowing dry food, and even impairment of regular speech. Effective therapeutic medications can enhance patients’ quality of life. Since its discovery in 1996 (14), rituximab has shown promising results in improving glandular function in individuals with Sjögren’s syndrome (SS) associated with lymphoma. However, subsequent investigations on the use of rituximab in primary Sjögren’s syndrome (pSS) have yielded poor outcomes (17). This contradictory outcome raises questions about its application in clinical environments. Thus, this meta-analysis examined five studies that analyzed the Schirmer trial to assess lacrimal gland function. Among these studies, two (10, 11) conducted demonstrated effectiveness in improving lacrimal gland function. The other studies concluded that rituximab was not effective in improving lacrimal gland function. Based on a meta-analysis, it is contended that Rituximab does not enhance lacrimal gland function. Similarly, medicine did not effectively improve the salivary gland function as assessed by the irritating salivary flow rate and the unstimulated salivary flow rate.

The ESSDAI index has been extensively utilized in clinical and scientific investigations as a metric for assessing the disease activity of primary Sjögren’s syndrome (pSS). The research using the fixed-effect model in this article found that rituximab did not have a significant improvement on the ESSDAI score, is same with Souza (24).In contrast, RTX is widely utilized in clinical practice to treat refractory pSS with multiple organ involvement (25). In contrast to clinical conclusions, the reasons for consideration could be connected to the duration of the disease, systemic involvement, and level of activity of the individuals included in the studies. Furthermore, meta-analyses indicate that VAS values for pain in patients with pSS can be significantly improved, but not for weariness or dry mouth. In addition, previous study has reported that rituximab is typically administered via intravenous infusion, which poses a risk of infusion-related reactions. However, a subcutaneous route has been proposed as a more convenient, cost-effective alternative that could improve ease of administration for patients (26). Thus, the method of administration can lead to different clinical outcomes, affecting the effectiveness and safety of treatments.

Of course, this study has some limitations. First, this study is only use 5 RCTs with th total 340 numbers of patient, and each studies has different time to follow up so can affecting the comparability. Second, a limited sample size and certain publication biases could have influenced the outcomes of this study. Third, several factors (e.g., genetics, age, and sex) that influence the outcome of rituximab on treatment for pSS. Further experimental verification is required to confirm the effectiveness and safety of rituximab in treating pSS. In addition, future trials should examine the role of rituximab in patients with pSS in an RCT with a larger sample size, well-controlled confounding factors, sufficient follow-up time, and more accurate assessment of rituximab exposure levels.




5 Conclusion

In summary, this study has demonstrated that rituximab can decrease the levels of serum IgG and serum B cells in individuals with Sjögren’s syndrome. Additionally, it can significantly enhance the ESSPRI score and pain VAS score in patients. However, it does not have a notable impact on glandular function. The occurrence of adverse effects was like that of the control group. Taken together, rituximab is clinically effective treatment in this patient population.
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