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Primary Sjögren’s syndrome (pSS) is a systemic autoimmune diseases of the connective tissues, characteristic of the presentation of keratoconjunctivitis sicca and xerostomia. A cardinal pathogenetic feature of SS is B-cell hyperactivity, which has invited efforts on optimal B-cell targeted therapy, whereas conventional corticosteroids and disease-modifying antirheumatic drugs (DMARDs) are restricted to symptomatic relief. As per the first EULAR recommendation for pSS patients published in 2020, regimens with monoclonal antibodies targeting B cells may be initiated in patients with severe, refractory systemic disease, notably rituximab (RTX), a mouse-derived monoclonal antibody that targets CD20 antigen and contributes to B-cell depletion. Nonetheless, the data available from clinical trials with RTX are often controversial. Despite the lack of promising results from two large RCTs, several positive clinical efficacies were demonstrated. This current review addressed the efficacy and safety of clinical trials available and elucidated the potential of RTX on the immune system, especially B and T cells. Furthermore, plausible explanations for the discrepancy in clinical data were also presented.
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INTRODUCTION
Primary Sjögren’s syndrome (pSS) is quite common, with a prevalence of 0.1–0.6% in adult population, wherein the ratio of females to males is at least 9:1, with age average of 50 years on diagnosis (Mariette and Criswell, 2018). Primary Sjögren’s syndrome (SS) is presented with lymphocytic infiltration in the salivary and lacrimal glands, leading to dry symptoms, i.e. keratoconjunctivitis sicca and xerostomia (Mavragani and Moutsopoulos, 2014). Vaginal dryness in women, nonproductive cough, or swelling of the salivary glands may develop. Persistence of swollen salivary glands may be the initial manifestation of pSS. Systemic symptoms include joint pain, chronic fatigue and discomfort (Seror et al., 2011) as well as systemic manifestations (Seror et al., 2010).
PSS patients may biologically exhibit B-cell activation, such as serum polyclonal hypergammaglobulinemia, elevated free light chain levels, and autoantibody positivity of rheumatoid factor (RF), anti-Sjögren’s syndrome-related antigen A (SSA, or Ro) antibody (prevalence of 60–80%), and anti-Sjögren’s syndrome-related antigen B (SSB, or La) antibody (prevalence of 30–40%) (Gottenberg et al., 2013). The B cells in the salivary glands, or rather, the target organ of pSS, may occasionally constitute ectopic germinal centers (GCs). Additionally, pSS enhances the susceptibility to B-cell lymphoma in individuals, particularly in pSS patients comorbid with lymphoma, RA, and SL (Song et al., 2018).
Current clinical regimens for pSS are mainly focused symptomatically on keratoconjunctivitis sicca and systemically on broad-spectrum immunosuppression. As per the updated EULAR recommendations (Ramos-Casals et al., 2012), SS patients should be treated in a specialized center or in close cooperation with a specialized center, with a multidisciplinary regimen (Ramos-Casals et al., 2020). However, there is a conflict between the urgency for specifically targeted therapy in clinical practice and conventional symptomatic alleviation with glucocorticoids and disease-modifying anti-rheumatic drugs (DMARDs). Recently, improved knowledge of the disease heterogeneity, availability of biologics and better elucidation of pathogenic pathways all contribute to international well-controlled trials of pSS.
RTX is a chimeric antibody with specific binding to the CD20 antigen with expression on the majority of B-cell progenitors, and facilitates them to activate, proliferate, and differentiate. In addition, RTX is deemed to reduce the number of circulating B cells via complement-dependent cytotoxicity (CDC) and antibody-dependent cytotoxicity (Beers et al., 2010). RTX could serve as a first-line therapy in patients with severe autoimmune rheumatic diseases (AIRD) (Galarza et al., 2008). Beyond the implication in B-cell depletion, RTX appears to regulate T-cell responses in autoimmune diseases (Ciccia et al., 2013; Ciccia et al., 2014). However, despite the possible mechanism of RTX, the researches of the RTX efficacy in pSS are still controversial. Following two small-sample studies with satisfactory results, two subsequent larger randomized controlled trials negated the potency of RTX in removal of B cells in pSS. Therefore, there is discrepancy as to the efficacy of RTX therapy for pSS, which however brought forth some clinical, biological and histological improvements. In addition, several clinical trials are currently enroute for the feasibility of rituximab-belimumab sequential therapy in SLE and SS, indicating the potential prospects of RTX combination therapy.
This review addressed the current literature available on RTX treatment in pSS patients, considering the effectiveness and safety of the clinical and biological environment. This review also discussed the underlying mechanism of RTX on B and T cells and the plausible explanation behind possible clinical phenomena.
EFFICACY OF RITUXIMAB AND THE MECHANISMS OF ACTION
In 1997, RTX became the first approved mAb by the US FDA in regimens for relapsed/refractory non-Hodgkin’s lymphoma (NHL), and has thereon significantly benefited numerous patients with various autoimmune disorders, particularly B-cell malignancies, including pSS (Gürcan et al., 2009). CD20 (human cluster of differentiation 20) is an integral membrane protein expressed during the development of B lymphocytes (Einfeld et al., 1988) and is also the target of approved therapeutic monoclonal antibodies (mAbs) (Deans et al., 1998) with expression on the surface of normal and malignant B cells, wherein CD20 receptor is only absent in the pro-B lymphocyte and plasma cells (Perez-Callejo et al., 2015). RTX is a chimeric anti-CD20 type I recombinant monoclonal antibody with a mouse antigen binding domain connected to the constant domain of human immunoglobulin G1 (IgG1). There is a wealth of reports on the mechanisms of action of RTX as well as its effect in vitro in contrast to the obscurity in vivo. Honetheless, RTX may bind to its target CD20, thus rendering spatial reorganization of CD20 molecules in lipid rafts. Consequently, depletion mechanisms such as complement-dependent cytotoxicity (CDC), antibody-dependent cytotoxicity (ADCC) and phagocytosis of the reticuloendothelial system are activated, resulting in B-cell apoptosis via cross-linking CD20 molecules (Maloney et al., 2002) (Figure 1).
[image: Figure 1]FIGURE 1 | B cell differentiation and action mechanisms of RTX. CDC: complement-dependent cytotoxicity; ADCC: antibody-dependent cytotoxicity.
B Lymphocytic Responses
PSS is characterized by B cell activation in pathogenesis. When RTX binds to CD20 molecules, the consequent cell lysis renders disappearance of B cells from the peripheral blood (PB). RTX therapy in pSS results in almost exhaustive depletion of B cells, with scanty CD19+ cells detected in PB (Meijer et al., 2010; St Clair et al., 2013). The effectiveness of RTX is mainly attributed to its effects on the production of plasmablasts via the depletion of their direct precursors, such as the activated B cells and germinal center. B cells are also proposed to produce antigen and secrete cytokine, the extra mechanisms contributing to the clinical efficacy of RTX (Barr et al., 2012). Nevertheless, inhibition of plasmablast production can account for the clinical effects of most B-cell-mediated morbidities, wherein the RTX efficacy is embodied by the gradual clearance of pathogenic antibodies and clinical remission. In addition, studies have confirmed that long-lived precursors can elicit the autoimmune response, which explains the failure of RTX to yield complete depletion of peripheral B cells and the presence of pathogenic autoantibodies detectable (Mei et al., 2015). We hypothesized that the inconsistency in clinical responses rendered by RTX might represent the heterogeneity of the generation of precursors. It would be of interest to reveal the microenviromental profiles in autoimmunity of both the long-lived and short-lived auto-reacting precursors and contribute to the development of novel regimens of specific targeting of these cells.
The suppression of pSS is implicated in long-term depletion of memory B cells, or biomarkers of disease activity in a number of CD20+ B cell depletion-sensitive autoimmune diseases. After B cells are depleted, the transitional (immature) and naïve (mature) B cells are rapidly regenerated in the bone marrow, which discounts the significant depletion via the slow regeneration of memory B cells derived from lymphoid tissue. Accordingly, short-term therapeutic cycles may render long-term protection, presumably via the stimulation of memory B cells by T cells to drive disease recurrence. Most of the B cells in PB come from bone marrow whereas the memory B cell response is gradually generated in the secondary lymphoid tissues.
In the clinical scenario, the effect of RTX therapy has been compared to “Road Block” (Silverman and Boyle, 2008). During the development of autoimmunity, autoreactive B cells have a central part to play in inflammation and pathogenesis via sequence transference to antigen-specific autoreactive B cells and BCR. Accordingly, Silverman and Boyle proposed that depletion of these autoreactive B cells should be able to annul the interaction between costimulatory signals and pro-inflammatory mediators (Silverman and Boyle, 2008). In this sense, blockade of the “road” of autoimmunity may contribute to the elimination of local inflammation and clinical recovery.
B-cell activating factor (BAFF) and proliferation-inducing ligand (april) play a central role in maturation, proliferation and survival of B cells. B cell-activating factor receptor (BAFF-r) is able to inhibit cell apoptosis via its affinity to BAFF, thereby occupying a pivotal part in B cell homeostasis (Schneider, 2005). Moreover, BAFF also serves as target factor for autoimmune diseases, with its level being subject to B cell population, i.e. a declined B cell counts may result in the elevation of free BAFF in the serum (Pollard et al., 2013). Likewise, a report on the mechanism of BAFF elevation after RTX medication also confirmed that the downregulation of BAFF receptors had a causative relation to the positive transcription regulation of BAFF and elevated serum BAFF protein and mRNA levels (Lavie et al., 2007). In addition, another study on RTX therapy for pSS described the attribution of the response to RTX to pretreatment BAFF levels and the B-cell activation that followed (Cornec et al., 2016a). Furthermore, patients with systemic lupus erythematosus (SLE), rheumatoid arthritis and pemphigus vulgaris usually present with elevated BAFF levels (Vallerskog et al., 2006; Nagel et al., 2009) and transgenic mice with the overexpression of BAFF developed a pSS-like pathology with age, manifested by infiltration of lymphatic tissue adjacent to the duct, destruction of glandular tissue, and diminished salivation (Groom et al., 2002). It seems that elevated BAFF levels may invalidate B-cell tolerance in pSS patients, and the combination of anti-BAFF and RTX therapy can result in long-term suppression of autoreactive B cells, whereas there is a paucity of evidence available.
Generally, the initial administration of RTX can yield complete depletion of CD20+ B cells in the PB within 3–7 days thereafter. Multiplication to normal levels in the PB would require at least 6–12 months and 3 years in some cases (Marshall et al., 2017). Repopulation affects clinical course and outcome, and in some cases requires continued treatment, dependent upon the profiles of depletion and clearance by RTX as well as the regenerative capacity of BM. Of note, in the presence of comorbidities, especially concurrent autoimmune diseases in which several subpopulations of memory cells are formed within and without germinal centers, with different phenotypes developing (Roll et al., 2008). In autoimmune diseases, large expansions in IgD− IgM+ CD27+ and IgG− CD27+ phenotypes, which dominantly employ IgG1 and IgG3, the powerful activators of complement and are implicated in target destruction by ADCC (Berkowska et al., 2011). The process of repopulation of CD27+ IgD−IgM−CD38+ plasmablasts consists of differentiation, maturation, somatic mutation, and eventual development of plasma cells (Roll et al., 2006). However, CD20− plasma cells which are undetectable in the PB during depletion are present in the course of repopulation (Teng et al., 2012). Occasionally, pathological autoantibodies are detectable in the case of restoration to pretreatment level, since long-lived plasma cells multiply as the result of elevated generation of BAFF in the spleen. Paradoxically, RTX depletes CD20+ B cells while facilitating the differentiation and development of short-lived plasma cells to long-lived plasma cells in the spleen (Mahévas et al., 2015).
Memory B cells are vital in the clinical responses, and final clinical outcome, particularly relapse. Depletion of CD19+, CD27+ cells from the PB and BM may contribute to clinical response, which could be predictable as per the pretreatment levels of CD27+ memory cells, with better responses identified in patients with underexpression versus those with overexpression. In addition, the pre- and post-treatment levels of long-lived plasma cells and levels of survival factors are also contributory. Following RTX medication, naïve B cells expressing CD38 and CD27 repopulate, whereas the populations of non-class-switched (IgD+, CD27+) and class-switched (IgD− CD27+) memory B cells decrease (Muhammad et al., 2009). A gradual decline in levels of naïve B cells and a progressive elevation of CD27+ memory B cells is evidenced with the subsidence of the pharmacology of RTX. Accordingly, levels of plasmablasts/plasma cells may be elevated in patients with poor clinical responses to prior therapy with RTX. Other cycles could enhance the chances of beneficial clinical response prior to complete repopulation (Cambridge et al., 2014). Some patients may present with autoantibodies in clinical remission owing to long-lived plasma cells, which remain intact independent of RTX. Subsequent to depletion, B cell compartments are restored. In parallel, restoration and equilibrium in the ratios of Th1/Th2 multiply the helper T cells and T regulatory (Treg) cells.
T Lymphocytic Responses
Recent studies have reported a significant reduction of T cells (mainly CD4+ cells) after rituximab medication in most patients, with positive correlation between CD4+ cell consumption and the clinical outcome. Accordingly, it is plausible to deem CD4+ count as a biomarker of rituximab efficacy in evaluation of clinical efficacy, since RTX is B-cell targeted, the diminished count of CD4+ cells can be attributable to the absence of antigen expression and costimulation of B cells. Facudo Fiocca Vernengo et al. described a mouse model of intracellular Trypanosoma cruzi infection and reported the efficacy of anti-CD20 therapy on responses of the B cells and CD8+ T cells, with the latter as the essential immune effectors against intracellular pathogens (Fiocca Vernengo et al., 2020).
Anti-CD20 impairs the population and function of cytotoxic T cells in a direct or indirect manner, and this defective response is regulated by the cytokine IL-17A, a cytokine that can reverse the adverse reactions of CD8+ T cells. This discovery may highlight a novel regimen for improving the compromised immunity render by depletion of B cells (Fiocca Vernengo et al., 2020). B cells can reportedly affect CD8+ T cells, with the mediators involved not elucidated whatsoever. A study also suggested that the RTX therapy is associated with the reduction of IL-17 levels in the salivary glands (SGs) in pSS patients, with the isolated mast cells potently driving Th17 polarization (Ciccia et al., 2014).
IL-22 is involved in the pSS pathogenesis, wherein the IL-22/IL-22R pathway is implicated in the development of T and B-cell lymphoma (Gelebart et al., 2011). Preliminary results of a study suggested that in the case of inflammation of salivary glands, the immunological micro-environment in pSS patients with reduced local IL-22 expression may be modified(Ciccia et al., 2013). There is a potential correlation between the RTX-dependent decrease of IL-22 expression and the lowered progression risk of pSS towards lymphoma.
In effect, the presence of Ig-secreting cell populations in the parotid salivary glands in pSS patients may avoid depletion. The surviving cells from RTX therapy may eventually explicate the disease recurrence in pSS patients undergoing RTX therapy (Hamza et al., 2012).
CLINICAL SAFETY AND EFFICIENCY OF RITUXIMAB IN PRIMARY SJӧGREN’S SYNDROME
RTX is a chimeric monoclonal antibody directed against the pan-B lymphocyte antigen CD20, and is indicated for diseases such as leukemia, lymphoma and rheumatoid arthritis. For 2 decades, a number of high-quality clinical trials have been focused on the safety and efficacy of B-cell depletion with RTX in patients with pSS (Table 1). The patients recruited from these clinical trials were all eligible for the American-European consensus criteria for pSS. Some case reports have reported the benefit of RTX in clinical evaluation of both SS and MALT lymphoma in patients with SS (Shih et al., 2002; Somer et al., 2003).
TABLE 1 | Main clinical trials evaluating the safety and efficacy of rituximab treatment in pSS patients.
[image: Table 1]Efficacy on Exocrine Gland Function and Sicca Symptoms
Salivary gland functionality is often assessed by unstimulated whole saliva (UWS), stimulated whole saliva (SWS), and oral dryness VAS. The reports are inconsistent, with several results showing insignificant change in salivary flow rate after RTX therapy (Devauchelle-Pensec et al., 2007; Dass et al., 2008; St Clair et al., 2013; Devauchelle-Pensec et al., 2014) while a placebo-controlled, randomized, double-blind trial indicated benefit in both whole salivary flow and oral dryness VAS with a long duration of week 24 (Meijer et al., 2010). The TRACTISS trial reported that UWS secretion remained stable in the rituximab-treated patients, whereas it worsened in the placebo group, with the latter being the only confirmatory observation in the TRACTISS trial. One plausible explication for the distinction of outcomes would be that studies with null outcomes on saliva production had recruited individuals with low saliva production at baseline. As per the UWS at baseline, Meijer et al. (2010) apparently included a less heterogeneous group of patients (Meijer et al., 2010) than the TEARS trial (Devauchelle-Pensec et al., 2014). St Clair et al. (2013) even recruited patients void of UWS at baseline, and functional improvement was paradoxically achieved (St Clair et al., 2013). Intriguingly, one trial reported decreased sodium levels in the parotid saliva, suggesting that chronic sialadenitis might be alleviated (Pijpe et al., 2005). In the author’s opinion, RTX treatment may benefit salivary gland function on the grounds that many studies have demonstrated stabilized salivary gland flow rate at least by the end of treatment in contrast to the deteriorated salivary gland flow rate in pSS patients treated with placebo.
The outcomes are in conformance with the recovery of the salivary gland parenchyma (Pijpe et al., 2009; Delli et al., 2016) and the improvement of the parotid parenchyma observed in the histopathological examinations (Cornec et al., 2016b). A study evaluating specimens of salivary gland biopsy initially identified that the reduced structural redifferentiation of glandular inflammation and lymphoepithelial duct lesions (Pijpe et al., 2009). In a concurrent study (NCT00363350) of a clinical trial, the authors reported that RTX treatment reduced local B cell infiltration and facilitated the structural recovery of salivary glands, particularly the striated ducts. The population of CD20+ B cells/mm2 of the parenchyma at baseline, i.e., the histopathological profiles of a parotid biopsy, may potently affect the efficacy of RTX in patients with pSS (Delli et al., 2016). In addition, the structure of salivary glands may be improved, and the number of inflammatory cells may be reduced in some patients, which may imply that the size of the salivary glands and/or the regeneration of acinar and duct components is reduced, resulting in slight enlargement of the salivary glands (Jousse-Joulin et al., 2015). However, in view of the natural history of gland function progression in pSS, nearly all researches have denied the effect of any therapeutic intervention in reversal of gland dysfunction and remedy for the dry symptoms expected at an early stage (Haldorsen et al., 2008).
The ultrasound score of salivary glands was evaluated by the total ultrasound score (TUS, range 0–11). A randomized, double-blind, multi-center TRATTISS sub-study reported statistically significant improvement of the total ultrasound score (TUS) after RTX treatment versus the placebo group (Fisher et al., 2018), which suggests that salivary gland ultrasound (SGUS) is an imaging biomarker. Thus, the diagnosis of pSS has appropriate sensitivity and good specificity.
The results of Shirmer’s test differ significantly in some studies (Meijer et al., 2010; Devauchelle-Pensec et al., 2014). However, Shirmer’s test did not suffice to detect minor changes in lacrimation. Another measurement showed that Rose-Bengal score, tear break-up time, mean tear flow, Van Bijsterveld score, and lacrimal gland VAS show a significant change in the above studies, indicating an improvement in lacrimal gland function. Meanwhile, no statistical change was reported in some studies with modest improvement in salivary gland function (Devauchelle-Pensec et al., 2007; Dass et al., 2008; St Clair et al., 2013). Some investigators also reported remission of refractory anterior scleritis in pSS after RTX treatment (Ahmadi-Simab et al., 2005).
Sicca symptoms, which include oral and ocular dryness and reflect exocrine gland function, are evaluated in clinical trials, including examination of subjective measures of patients with pSS such as dryness VAS, degree of thirst, and degree of oral discomfort. With the exception of the TRACTISS study, all studies on pSS have reported positive results in relation to sicca symptoms.
Efficacy on Systematic Manifestations
Assessment indicators of systematic manifestation include the European League Against Rheumatism Sjögren’s Syndrome disease Activity Index (ESSDAI), visual analog scale (VAS), Short Form -36 Health Survey (SF-36), tender point/joint count, and Sjögren’s Syndrome Responder Index (SSRI). RTX therapy resulted in amelioration in subjective and objective assessment of disease severity experienced in patients with residual glandular function (Pijpe et al., 2005).
The efficacy of RTX for systemic disease activity is measured as per the ESSDAI. Of note, baseline ESSDAI scores differed widely between studies. In two large RCT studies, RTX therapy had insignificant efficacy for systemic pSS as assessed by the ESSDAI (Devauchelle-Pensec et al., 2014; Bowman et al., 2017), apart from a minor distinction in ESSDAI scores at week 36 favorable to RTX (Bowman et al., 2017). The low baseline ESSDAI score could partially account for this result. In contrast, in a prospective cohort trial enlisting 28 patients with pSS (Meiners et al., 2012), the ESSDAI score was remarkably ameliorated with RTX therapy with good validity both externally and internally. Furthermore, the idiosyncrasy of these patients also explicated the distinction in study results according to the ESSDAI score. Both indices (ESSDAI and ESSDRI) are complementary and should be combined with objective measurement of dryness and biological markers of disease severity.
Divi Cornec et al. defined a response to SSRI-30 as a relative benefit of ≥30% in at least two in five outcome measurements and reported significantly greater improvement in mean VAS global activity and pain scores in the SSRI-30 responder group (Cornec et al., 2015). Thus, SSRI-30 can serve as a useful indicator for therapy efficacy in future trials for pSS. The TEARS study had ended prior to its primary endpoint, which however still confirmed benefit in fatigue as of 6 weeks and dryness until 16 weeks.
Despite a normal lifespan in most patients with pSS, their health-related quality of life was compromised. The relative evaluation usually employs the generic SF-36 questionnaire, which could serve as a valuable criterion for assessment of pleomorphic diseases. The result described by Devauchelle-Pensec, V was observed that the SF-36 improved after RTX treatment, which may result from the improvement in tender point and tender joint counts (Devauchelle-Pensec et al., 2007).
Lymphoma fails to respond to rituximab alone at a low dose according to a study reported by Devauchelle-Pensec, V (Devauchelle-Pensec et al., 2007). The mechanisms underlying the lymphotoxic activity of RTX comprise complement-dependent cytotoxicity, antibody-dependent cellular cytotoxicity and induced apoptosis. Despite the lower frequency, the adverse effects are still focus of concern.
Efficacy on Biological Changes
Laboratory assessments usually include serum biochemical assays and determination of complete blood cell counts. Three studies reported the decreased levels of RF after RTX therapy. Pijpe, J. et al. reported that B cell depletion was coupled with decreased IgM-RF levels in patients with MALT/primary SS, and other trials showed a decline in most of the participants recruited (Pijpe et al., 2005; Devauchelle-Pensec et al., 2007; Meijer et al., 2010).
Devauchelle-Pensec, V. et al. first reported that the anti-CD20 efficacy of B cell depletion in LSGs (Devauchelle-Pensec et al., 2007). In a study, the effect was observed in one patient with MALT lymphoma (Pijpe et al., 2005). The phenomenon of B cell depletion was reported in trials that concluded its efficacy and safety of RTX regimen. E. William St. Clair et al. subdivided circulating B cells into six types: transitional B cells (CD38+ CD27−), mature naïve B cells (CD38++ CD27−), mature activated memory B cells (CD38+CD27+), resting memory B cells (CD38−CD27+), plasmablasts (CD38++CD27++), and double-negative B cells (CD38−CD27−). It has been reported that median serum BAFF increased subsequent to B cell depletion and thereafter restored to baseline following reconstitution of the circulating B cell pool (St Clair et al., 2013). A companion study also suggested that memory B cell clones and plasmablast clones in PB are frequent in RTX-treated SS subjects and so are the somatic mutations. Three trials additionally demonstrated the decreased level of serum IgM after therapy (Pijpe et al., 2005; Devauchelle-Pensec et al., 2007; Devauchelle-Pensec et al., 2014) while some researchers reported insignificant changes in anti-SSA and anti-SSB (Devauchelle-Pensec et al., 2007; St Clair et al., 2013).
Efficacy on Non-Hodgkin Lymphoma
Anti-CD20 therapy proves to be imperfect. Despite the contribution of antiCD20 mAb to increased patient survival in distinct types of B cell lymphomas, disease eradication remains impractical and impracticable. Unfortunately, the majority of patients ultimately ended up with relapses. Fortunately, some of the mechanisms underlying the drug resistance have been unmasked, thereby facilitating assessment of cancer risk after RTX treatment in the future (Yonezawa et al., 2019).
Clinical Safety: Adverse Events
Infusion reactions, such as fever, headache, fatigue, flush, pruritus and transient headache, are the most common side effects in pSS. Of note, fatigue had significantly high prevalence in the RTX group versus the placebo groups. Fortunately, these reactions were abolished or ameliorated in all patients with dose reduction or drug discontinuation, and no specific medication or hospitalization was required. In general, the infusion reactions are mild in most of the patients. Furthermore, RTX infusion-related adverse reactions are largely attributed to the extent of B-cell lysis and generation of intracellular factors, instead of the pharmaceutic per se. Of note, patients who exhibit severe incidence rate ratios (IRRs) to RTX are generally incapable of re-challenge (Levin et al., 2017). Patients with RTX intolerance owing to IRRs are more susceptible to a poor prognosis with respect to progression-free survival and overall survival provided they are excluded from further anti-CD20 therapy.
RTX administration involving the intravenous route and the initial infusion should be performed with meticulosity and duration of hours on the grounds that over 50% of patients would exhibit infusion-related adverse effects such as pyrexia, chills, and rigors. Several infusion-related adverse reactions are reported in approximately 12% of cases, including bronchospasm and hypotension, which could be life-threatening. To minimize this toxicity, routine premedication is a prerequisite prior to each infusion. The current Summary of Product Characteristics (SPC) advises premedication with an antipyretic and an antihistamine, which includes oral paracetamol plus either intravenous chlorphenamine or an oral antihistamine, such as loratadine. Subcutaneous medication of RTX, in contrast to the intravenous injection, can reportedly improve cost-effectiveness and patient experience (Davies et al., 2014).
Serum sickness is a type III delayed hypersensitivity reaction that induces immune complexes to deposit in the tissues leading to activation of the complement cascade and inflammatory reaction. Clinical symptoms are mainly presented as fever, arthralgia and rash as well as myalgia, malaise, fatigue, conjunctival hyperemia, and purpura. Other manifestations include proteinuria, hematuria, elevated inflammatory markers, high immunoglobulin levels, and reduced complement (Bayer et al., 2019). Generally, the symptoms do not occur until the 10th day after the initial infusion of RTX, whereas adverse effects in effect develop more rapidly with medication thence. Moreover, pSS patients are more susceptible to serum sickness (-like) disease compared with patients with RA and SLE. The distinction in the latter groups of patients could be attributable to their frequent exposure to intensive immunosuppressive regimens including biological agents prior to RTX medication, whereas pSS patients are less tolerant to RTX infusion. The higher susceptibility to serum sickness per se could be innate, particularly in patients with active, early and progressive stages of pSS (Meijer et al., 2010). Interestingly, HACAs (human anti-chimeric antibodies) and serum sickness-like symptoms were reported in patients with early pSS alone rather than MALT/primary SS (Pijpe et al., 2005).
To reduce the adverse effects (infusion reactions, and serum sickness), a majority of patients should undergo pretreatment or post-treatment with other medication involving prednisone, acetaminophen, methylprednisolone, acetaminophen, clemastine, diphenhydramine, and chlorphenamine. Interestingly, Devauchelle-Pensec et al. (2007) Decrease the infusion rate instead of any concomitant treatment, indicating the good tolerance of low-dose RTX infusion, independent of corticosteroid regimen (Devauchelle-Pensec et al., 2007). Herein, the medication discussed above is proper but does not necessarily have a special efficacy to relieve the side effects, since the effect of RTX therapy on infection risk is very complex in the context of RA. The list may illustrate this complexity: 1) inconsistent RTX dosing regimens in RA; 2) RA patients receiving RTX have previously undergone varied treatments, including synthetic DMARDs, biologic DMARDs, and glucocorticoids; and 3) the elevated susceptibility at baseline to infections in patients with RA predisposes more complex adverse events of RTX. These views can hopefully serve as a reference for pSS.
In brief, an elevated susceptibility to infections and mortality associated with hypogammaglobulinemia after RTX treatment has been identified, which emphasized the necessity of follow-up of patients with hypogammaglobulinemia, with immunoglobulin levels assessed prior and subsequent to RTX regimen. Given the elevated medication of RTX, clinical practitioners are supposed to be aware of RTX-related hypogammaglobulinemia. Prior to commencement of RTX regimen, routine determination of immunoglobulin levels and baseline B-cell counts are prerequisite to preclude a potential immunodeficiency. In case of hypogammaglobulinemia, close supervision of clinical infections and laboratory results should be emphasized as well as referral to a clinical immunologist for further evaluation. Subsequent to the RTX regimen, regular laboratory evaluation should be ordered to screen out patients with persistent immune dysfunction who may benefit from IgR (Barmettler et al., 2018).
Routine practice of RTX medication in pSS includes either two doses of 1,000 mg or four doses of 375 mg/m2, yielding similar outcomes of B-cell depletion. It also provides contraindications in RTX dosage and depletion of B cells (Cornec et al., 2016a), so are the infusion reactions. Of note, no dramatic distinction in infection rates were observed between placebo and RTX groups (Dass et al., 2008).
Other side effects and adverse reactions are also reported in studies involving gastroenteritis (Dass et al., 2008). Some patients present with ankle arthritis with swollen joint and hives of the lower limbs. J. Pijpe et al. (2005) reported two cases of purpura following the second infusion of RTX and biopsy of a purpuric lesion showed perivascular lymphocytic infiltration in the dermis and subcutis with nuclear debris (Pijpe et al., 2005).
DISCUSSION
Different Outcomes Between the Studies
Various randomized clinical studies of RTX treatment of Sjögren’s syndrome lead to different treatment results. Some small-sample pSS studies have shown that anti-CD20 therapy has a certain effect, whereas the two larger RCTs (TEARS and TRATTISS) did not meet their expectations (Devauchelle-Pensec et al., 2014; Bowman et al., 2017). This difference in efficacy may be due to distinction of patient groups in different studies and the outcome parameters used. Other reasons for the inconsistency of research results can be attributed to the following points: differences between groups of patients; different indexes evaluated after treatment, including the evaluation criteria of each index, and different evaluation tools; differences in the design of each study, including the differences between single-center and multi-center recruitment. All in all, there is a lack of consistency in evaluation criteria in clinical trials, as illustrated in clinical studies. Despite certain positive results regarding the efficacy and safety of RTX in the therapy of pSS, the trials are still limited. Therefore, a standardized, verifiable and reliable clinical disease activity index is urgently needed in future researches (Vissink et al., 2012). Despite the consumption of blood B cells in the body for the efficacy of RTX, some clinical studies have not widely adopted basic immunological examination methods in the treatment of pSS with RTX. This includes regular determination of immunoglobulin levels prior and subsequent to RTX therapy. Given this circumstance, it is difficult to ascertain whether these patients have potential immune dysfunction or secondary immune deficiency.
Potential Mechanisms of Failure and Relapses After Rituximab Treatment
The time required for clinical remission after RTX treatment depends on many factors. A key factor is the time course for the departure of CD27+ memory B cells from the BM to the arrival at the spleen and lymphatic nodes (LNs), and development of self-reaction (Roll et al., 2008). There is evidence that by 2 years after RTX, the levels of memory cells have been reduced by over 50% versus their pretreatment measurements, which suggested the requirement of prolonged duration for remissions (Anolik et al., 2007). Paradoxically, it is well documented that longer remission occurs in the case of entry of fewer memory cells into the germinal centers of LNs and spleen and development of plasmablasts and plasma cells (Rehnberg et al., 2009).
The efficacy of RTX is relatively short-lived, and patients who receive treatment often relapse. The prevalence of recurrence is closely correlated with the follow-up duration. Generally, prolonged follow-up duration would reveal higher prevalence, even as high as 70–85% (Wang et al., 2015). A single medication routinely provides validity for 9–18 months (Edwards et al., 2007). The above results indicate that in the event of RTX discontinuation, patients would be denied long-term clinical remission and the consequent recurrence, which is comparable to the context of B-cell repopulation in PB. RTX can deplete peripheral B cells but avoid CD20 plasma cells and a lesser percentage of B cells in the tissue.
Failure of RTX treatment can be attributable to the persistence of pathogenic autoantibodies secreted by plasma cells. A large majority of patients with initial response to RTX subsequently have a relapse in the process of B-cell reconstitution, as is the case of reunion between antigens and their acquainted RTX-resistant memory B cells or reinitiation of an autoimmune response by new B cells in a microenvironment favorable to a tolerance breakdown in the process of B-cell lymphopoiesis. Recurrence usually occurs after the regenerated CD20+ B cells restores to the pretreatment level. Hence, larger trials are invited to authenticate approaches to responder selection and the optimal therapeutic options so as to improve the efficacy of RTX in the regimen for pSS.
The increased entry of B cells from BM into the microenvironment (Becerra et al., 2015) would lead to the differentiation of self-reactive B cells via appropriate signaling (Cambridge et al., 2014). At the active stage of the disease, the levels of BAFF and autoreactive plasmablasts in PB increase. However, regardless of the BAFF levels in the serum, the BAFF-R expression of naïve and memory B cells at relapse would decrease. The regeneration of self-reactive memory B cells and/or plasmablasts is accompanied by relapse, which can help to predict recurrence. Soluble-free light chains and CD23 also played an essential part in the differentiation of plasmablasts which had developed at an early stage of relapse (Ehrenstein and Wing, 2016). In the course of relapse, CD95+ CD27+ cells that secrete pro-inflammatory TNFα and IL-10 have a larger proportion than transitional cells in PB (Brezinschek et al., 2012). In the microenvironment of the germinal center, persistence of memory B cells is free from T cell interaction but pivotal to their differentiation into long-lived plasma cells (Johansson-Lindbom and Borrebaeck, 2002), wherein proinflammatory autoreactive B cells express Ki67 marker on pre-B and immature B cells from the BM, whereas kappa-deleting recombination excision circles are noted for migration of transitional cells (Shahaf et al., 2016).
In addition, one of the adverse reactions in B cell depletion therapy is significant infection, which leads to sepsis and death due to immunosuppression. Fortunately, IVIg brings hope to reduce such risks. Late-onset neutropenia related to pneumonia and heart problems is worth noting. From a panoramic point of view, some researchers have proposed that anti-CD20 therapies currently available cannot restore the patient to a prior immunity akin to the ‘tabula rasa’ (i.e., a blank slate), wherein all the prior levels reminiscent of memory and proof of (auto) immune responses have been eradicated. Processes that are critical to central and peripheral tolerance, such as energy deficiency, receptor edition and deletion, are free from RTX, thereby unable to annul autoimmunity. Consequently, autoreactive B cells produce inflammation hand in hand with autoreactive T cells, leading to pathological changes in the microenvironment and recurrence of autoimmune diseases.
Limitations of Rituximab Monotherapy
Despite the safety of RTX to date, evidence of the long-term efficacy and safety of RTX “monotherapy” in pSS is still scarce. Before approval of the RTX medication combined with other biological products, a large-scale randomized controlled trial of pSS patients with prolonged follow-up is prerequisite. In theory, the combination therapy of RTX and other biological agents should be beneficial, such as a combined therapy targeting CD20 (RTX) and BAFF. In addition, to our knowledge, for certain pSS patients with severe extraglandular manifestations (such as vasculitis, nephritis, or polyneuropathy), RTX alone is far from enough. Therefore, the regimens for these individuals would require more potent immunosuppressive therapy.
Another drawback of RTX therapy is not the mere adverse autoimmune response affected, but the beneficial humoral response as well. Despite the vague pathogenic mechanism of autoantibodies and incomplete knowledge of all autoantigens, the onset of tolerance to autoreactive B cells will be delightful. Hence, autoantigen-specific B cell-targeted therapies would bring prospect, by depleting or silencing pathogenic self-antigen-reactive cells whilst retaining B cells required for immune defense. More frequently, it is the differentiated daughters of autoreactive B cells that generate autoantibodies and mediate the disease. Nevertheless, regimens with pan-B cell depleting agents, such as RTX and belimumab (anti-BAFF), are imperfect on the grounds that these agents are non-specifically targeted, and cannot discriminate pathogenic B cells from non-pathogenic, thus leading to the comprehensive suppression of humoral immunity. Although prior immunity could be retained, the newly developed immunity would be invalidated in the encounter with pathogenic strangers, such as SARS-CoV-2. Moreover, despite the typical duration of 6–12 months of B cell depletion following treatment termination, patients in some cases had never stored to their initial B cell population (Venhoff et al., 2014). Finally, anti-CD20 regimens target most of B cell subsets merely retain antibody-producing plasma cells, without expressing CD20 on their cell surface. This finding may explicate, at least in part, the inconsistent responses to therapy for diseases such as SLE and rheumatoid arthritis (RA), wherein autoantibodies might be incompletely reduced. Therefore, the optimal antigen-specific therapies would be those targeting the pathogenic B cells including plasma cells, and meanwhile rendering the immune system function intact.
Combination Therapy to Improve Rituximab Efficacy
To date, one of the challenges in pSS treatment is the lack of optimal strategies to prevent lymphoma in patients at high risk of SS and to effectively manage SS-related lymphoma. The efficacy of anti-CD20 therapy on marginal zone B cells in the murine model for human CD20 expression was identified only before anti-BAFF treatment (Gong et al., 2005). Belimumab, a monoclonal anti-BAFF antibody against human BLyS protein, is a registered agent in the therapy for SLE. It is worth noting that two clinical studies are currently underway to verify the effects of rituximab-belimumab as a sequential therapy for SLE (NCT02260934 and NCT02284984 on clinicaltrials.org). As for further strategies for pSS therapy, a report described that belimumab combined with RTX may be useful for SS-related B-cell lymphoproliferation and overexpressed B-cell activating factor (BAFF) in MALT. It may reduce the effect of RTX in the therapy of SS. Furthermore, no related side effects were reported after continuous negative serum cryoglobulin and rheumatoid factor treatment, suggesting efficacy and safety (De Vita et al., 2014). In this case, a multi-center, double-blind, randomized clinical trial (RCT) is underway (NCT02631538 on clinicaltrials.org). In one pSS patient with refractory cryoglobulinemia vasculitis comorbid with low-grade MALT lymphoma, the combined regimen of belimumab and rituximab yielded dramatic improvement of vasculitis and complete remission of lymphoma (Chen et al., 2016).
According to Advani and others, CD47-blocking antibody Hu5F9-G4 in combination with RTX can benefit patients with non-Hodgkin’s lymphoma (Advani et al., 2018). The anti-tumor efficacy of anti-CD20 therapy is reportedly related to antibody-dependent cytotoxicity (ADCC), including NK cells and macrophages and the involvement of CD8+ and CD4+ T cells. Hence, the combination of RTX and IL-2 has undergone preclinical testing and clinical trials (Eisenbeis et al., 2004; Casadesús et al., 2020). Other researchers have developed an antibody-drug conjugate (ADC) rituximab-vcMMAE, which delivers highly cytotoxic drugs directly to CD20-positive cells to abate RTX resistance and elevate the efficacy of RTX (Abdollahpour-Alitappeh et al., 2018). In addition, with respect to patients who are intolerant to RTX, ofatumumab is a completely humanized anti-CD20 monoclonal antibody, which has been confirmed to be safe and may be a valuable alternative for patients with RTX intolerance (Chen et al., 2019). However, further research is still required to assess the effectiveness and safety of ofatumumab in combination with RTX.
CONCLUSION
The option of therapeutic agents for autoimmune diseases should be centered around the need for explicit solutions to scientific fact-based, predictive indicators of progression, prognosis, promise of long-lasting clinical remission free from further treatment as well as safety, paucity of immediate and long-term adverse events, facility in access, simplicity in management and guaranty of a good quality of life. With the advent of novel targeted therapies, knowledge of evaluation of patients with pSS will increase, which will promote the conception of clinical trials and the establishment of effective therapeutic options for pSS. Thus, RTX is valuable for specific subgroups of pSS patients and serves as a general regimen for pSS.
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