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ABSTRACT 

Introduction and purpose: Sjögren’s disease (SjD) is a systemic autoimmune process in which traditional symptomatic 
treatment often fails to prevent organ complications. Thanks to intensive research into its pathogenesis, new therapeutic 
targets are being discovered, which may enable the causal treatment of the disease. This paper provides a review of modern 
therapeutic strategies, with a particular focus on JAK/BTK/SYK inhibitors, the CD40-CD40L pathway, and anti-CD20 
therapy. Based on the latest clinical trial results, the article analyzes the potential of immunomodulation in modifying the 
course of SjD and preventing its systemic manifestations.  
Description of the state of knowledge: Current scientific consensus defines Sjögren's disease as a complex, multifactorial 
autoimmune condition. The progression of the disease is primarily driven by the overexpression of factors such as BAFF 
and APRIL, excessive interferon production, and specific lymphocyte populations, including follicular helper T-cells (Tfh) 
and CD8+ GZMK+ T-cells. Despite a detailed understanding of these molecular mechanisms, effective disease-modifying 
treatment remains elusive. Currently, researchers' attention is focused on therapies targeting novel signaling pathways.  
Conclusions: Modern treatment of Sjögren’s disease is evolving toward disease-modifying therapies that target the 
molecular mechanisms of epithelial inflammation and the type I interferon signature. Key strategies include targeted B- and 
T-cell immunomodulation and the inhibition of intracellular signaling pathways, which effectively reduce systemic activity 
and offer a significant steroid-sparing effect. The future of therapy relies on personalized medicine and the use of regenerative 
medicine, including exosomes, to restore the function of damaged glands. 
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Inhibitors 
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Introduction and purpose 

Sjögren’s disease is a chronic, systemic autoimmune process in which the dominant histopathological 

feature is lymphocytic infiltration within the exocrine glands [1]. Although xerostomia and xerophthalmia 

represent the core symptoms of this entity, many patients develop systemic manifestations that extend beyond 

the epithelial barrier. Organ involvement in the course of SjD exhibits significant clinical variability, 

manifesting as dysfunction of the respiratory, renal, circulatory, articular, or neurological systems, as well as 

hematological disorders and skin lesions of diverse etiology [1,2,3,4,5,6,7]. Despite numerous studies, the 

factors determining the etiopathogenesis and clinical dynamics of SjD have not yet been fully elucidated. 

Traditional therapeutic strategies in Sjögren's disease focused almost exclusively on symptom relief through 

the use of tear and saliva substitutes, muscarinic receptor agonists, or nonspecific anti-inflammatory drugs. 

However, given the moderate effectiveness of these interventions in inhibiting the progression of systemic 

changes and the increasing knowledge of molecular pathogenesis, including the roles of B-cells, T-cells, 

dendritic cells, and specific cytokine pathways, researchers' attention has shifted toward targeted therapies. 

This study aims to analyze current and emerging therapeutic strategies in Sjögren's disease, with a 

particular focus on immunomodulation and biological therapies. The article reviews the latest clinical trial 

reports regarding molecular targets such as the CD40-CD40L and JAK/BTK/SYK pathways, as well as the 

CD20 molecule. 
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Materials and methods 

This literature review of Sjögren's disease utilized articles published between 2015 and 2026 from the 

PubMed database. The review focused on studies addressing the treatment of Sjögren's disease. A total of 51 

articles were analyzed to provide a comprehensive synthesis of current knowledge. 

 

Epidemiology 

A synthetic compilation of global epidemiological data from the PubMed and Embase databases 

positions Sjögren’s syndrome as an entity with significant population prevalence. The prevalence is estimated 

at 60.82 cases per 100,000 inhabitants, which corresponds to a diagnosis in one out of every 1,644 individuals. 

With a global incidence rate of 6.92 per 100,000 person-years, an analysis of trends from the last fifteen years 

confirms a dominant female participation in the disease structure. Furthermore, the data identifies 56 years of 

age as the statistical peak for the clinical manifestation of this condition [8]. 

 

Pathophysiology 

Sjögren’s disease, being a primary autoimmune disorder, exhibits a unique histopathological 

heterogeneity that can also manifest in patients with other diagnosed rheumatic conditions, such as rheumatoid 

arthritis, systemic lupus erythematosus, or systemic sclerosis. Currently, there is a shift away from the 
historical term "secondary Sjögren's syndrome" in favor of a precise description of the glandular features 

accompanying these established disease entities [9]. 

Clinical manifestations of SjD are currently classified in a manner that extends beyond simple epithelial 

damage. These include nonspecific symptoms such as chronic fatigue, depression, and anxiety, affecting nearly 

half of the patient population [51], as well as periepithelial and extraepithelial changes, and potential 

transformation into lymphomas, most commonly MALT [10]. Organ involvement can affect the respiratory, 

cardiovascular, and renal systems, as well as the central and peripheral nervous systems, which drastically 

reduces patients' quality of life and increases morbidity rates [30,21]. 

The pathogenesis of Sjögren’s disease is defined as a multi-stage process resulting from the complex 

interaction of genetic, epigenetic, hormonal, and environmental factors. The contemporary model posits that 

the initiation of inflammation depends on the innate immune system, whereas the perpetuation of the 

autoimmune process requires continuous interaction with the adaptive immune system [11]. 

 

Triggering Factors and Genetic Predispositions 

The development of the disease is driven by a loss of self-tolerance, which is closely linked to specific genetic 

variants of the major histocompatibility complex class II, including HLA-DRB1, HLA-DQA1, and HLA-DQB1 

[12]. It is suspected that the primary trigger for the pathological inflammatory cascade may be a viral infection, 

induced by pathogens such as the Epstein-Barr virus, cytomegalovirus, or Coxsackie viruses [13]. 

 

The Role of the Epithelium and the Interferon Signature 

A key element of the pathophysiology is salivary gland epithelial cells (SGECs), which are not merely 

targets of attack but active mediators of inflammation. SGECs express MHC class II molecules and co-

stimulatory molecules CD80, CD40, enabling them to perform direct antigen presentation [14]. The 

inflammatory process, initiated even before the onset of overt xerostomia, is driven by the ability of SGECs to 

synthesize pro-inflammatory cytokines and present antigens to T-cells [15]. An essential mechanism is the 

ectopic overexpression of the LAMP3 protein, which induces signaling through the TLR7 receptor, leading to 

increased production of type I interferon [16]. It has been shown that the degree of activation of type I 

interferon-dependent signaling pathways correlates closely with the presence of anti-Ro/SSA antibodies 

Ro52+/Ro60+, as well as the severity of systemic extra-glandular manifestations [17,14]. 

 

Mitochondria 

Recent studies highlight the significant role of mitochondrial dysfunction in SGECs. Morphological 

abnormalities (such as swelling and elongation) and proteomic shifts in lipid metabolism and amino acid 

degradation pathways are observed, which induce cellular stress and promote a proinflammatory phenotype. 

Additionally, the loss of specific PRR4+CST3+ acinar cells results from a direct attack by cytotoxic CD8+ 

GZMK+ T-cells [11]. These CD8+ GZMK+ T-cells affect the glandular epithelium through a sub-cytolytic 

mechanism, in which granzyme K induces mitochondrial dysfunction [18]. 
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B-Cell Proliferation 

Ectopic germinal center formation occurs within the glandular tissue, a process regulated by follicular 

helper T-cells (Tfh) and Th17 cells [19]. Chronic antigenic stimulation, the overexpression of cytokines such 

as APRIL, and BTK gene overexpression lead to uncontrolled B-cell proliferation. Autoreactive B-cells 

expressing rheumatoid factor exhibit a distinct preneoplastic potential, representing a critical step in the 

transformation toward B-cell lymphomas in SjD patients [11]. 

 

T-Cell-Dependent Pathogenesis 

In the course of Sjögren’s disease, a profound disruption of immune homeostasis occurs, resulting from 

a deficiency and impaired function of regulatory T-cells (Tregs) [35]. The weakening of this protective barrier 

paves the way for the uncontrolled activity of pro-inflammatory subpopulations, including Th17 and follicular 

helper T (Tfh) cells [20]. The latter, through the secretion of IL-21 and the CD40-CD40L interaction, provide 

signals essential for pathological B-cell activation [12]. Concurrently, CD8+ T-cells, specifically the GZMK+ 

population exhibit sub-cytolytic activity against the epithelium [18], while tissue-resident memory T-cells 

(Trm) are responsible for maintaining the local inflammatory state and its recurrent nature [12]. 

 

Advanced Therapeutic Strategies and Treatment Personalization in Sjögren’s Disease 
The current therapeutic paradigm in Sjögren’s disease is undergoing a fundamental transformation. For over 

a century, since its initial clinical description, treatment was limited almost exclusively to symptomatic relief of 

xerostomia and xerophthalmia, alongside nonspecific, off-label immunosuppression that failed to alter the 

biological progression of the disorder. However, advances in understanding its pathogenesis, specifically the role 

of the epithelium as an active participant in the inflammatory process have enabled the development of targeted 

interventions. Modern clinical evidence suggests we are entering the era of disease-modifying therapies. By 

precisely targeting signaling pathways such as CD40, BAFF/APRIL, or interferon signaling, these therapies offer 

the potential to effectively inhibit immunological activity and preserve glandular function [21,13]. 

 

B-cell Targeted Therapies 

The most significant success in recent years has been recorded in the field of therapies targeting B-cell 

survival and activation factors. One of the key mechanisms of action involves B-cell depletion. This group 

includes Ianalumab, a fully human monoclonal antibody that acts by blocking the BAFF-R receptor and 

inducing rapid B-cell depletion through enhanced antibody-dependent cellular cytotoxicity (ADCC) [13,22,23]. 

Unlike older therapies, Ianalumab depletes B-cells not only from the peripheral blood but also directly from 

the salivary gland tissues, as confirmed by advanced analyses using STAR and CRESS indices in Phase 2b 

trials. Currently, the drug is being evaluated in an extensive Phase 3 clinical program called NEPTUNUS [13]. 

Observations to date indicate a favorable safety profile, showing a sustained clinical response and efficacy in 

reducing systemic disease activity [24]. Another drug in this category is Rituximab, a chimeric monoclonal 

antibody targeting the CD20 antigen on the surface of B-cells [25]. Its action leads to the elimination of these 

cells by triggering antibody-dependent and complement-dependent cytotoxicity (ADCC/CDC) and inducing 

apoptosis. Historically, this agent held great promise for patients with Sjögren's patients; however, results from 

large, controlled clinical trials such as TEARS and TRACTISS proved unsatisfactory in alleviating core 

symptoms like mucosal dryness or chronic fatigue [13]. According to recent analyses, including data from the 

Portuguese PORTRESS registry published in 2026, the drug shows high effectiveness in patients with active 

systemic forms of the disease. A significant reduction in systemic activity (measured by the ESSDAI score) 

was noted, along with a crucial steroid-sparing effect, allowing for a substantial reduction or total 

discontinuation of glucocorticosteroids in a large proportion of treated patients [25]. Currently, per 

international EULAR recommendations, Rituximab is primarily used for severe organ complications when 

standard treatments fail [26]. Its safety profile is well-documented and predictable [31], though the potential 

for new-onset or prolonged hypogammaglobulinemia remains a key concern, necessitating regular monitoring 

of serum IgG levels [32,25]. Another mechanism involves blocking the BAFF and APRIL factors, which 

inhibits the development of pathological B-cells, thereby lowering autoantibody levels while maintaining the 

stability of other parts of the immune system [33,34]. Telitacicept, a fusion protein, represents this group. 

Patients treated with Telitacicept reported marked improvements in symptoms of dryness, pain, and fatigue 

[36]. Telitacicept may be an effective solution for treating severe extraglandular complications, such as optic 

neuritis, and allows for safe tapering of steroid doses [37,38]. Acting through a similar mechanism is 

Iguratimod, which blocks the BAFF factor but also exhibits immunomodulatory effects by inhibiting the 
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production of pro-inflammatory cytokines. Clinical studies confirm its effectiveness in reducing disease 

activity (ESSDAI) and symptom burden (ESSPRI), including a significant improvement in eye hydration. The 

therapy is well-tolerated, potential adverse effects are usually mild gastrointestinal complaints or a transient 

increase in liver enzymes [39,40]. 

 

T-cell Directed Therapies and Costimulatory Pathway Inhibition 

The CD40-CD40L pathway is strictly regulated in a healthy organism; however, in patients with 

Sjögren’s disease, this communication is overactive and chronic. Drugs targeting this pathway include 

Dazodalibep and Iscalimab. Dazodalibep is a CD40L antagonist that blocks costimulatory signals between T- 

and B-cells, thereby inhibiting inflammatory processes. In a Phase 2 trial, the drug significantly reduced 

systemic activity in patients with severe disease and improved ESSPRI scores in patients with high subjective 

symptoms, reducing fatigue and dryness. The therapy is characterized by a favorable safety profile, with 

respiratory tract infections being the most commonly reported side effects [41]. In contrast, Iscalimab is a fully 

human monoclonal antibody that blocks the pathway without inducing B-cell depletion. This mechanism 

prevents the interaction of the CD40 receptor on B-cells with the CD154 ligand on T-cells, inhibiting immune 

costimulatory signals while maintaining B-cell counts [27,28]. The drug's efficacy was evaluated in a Phase 

2b trial across two patient populations: those with high systemic activity and those with predominant symptoms 
of dryness and pain. In both groups, Iscalimab failed to demonstrate a statistically significant advantage over 

placebo regarding the primary endpoints, such as changes in ESSDAI or ESSPRI scores at week 24. Despite 

this, the drug was generally well-tolerated, with the most frequent adverse events being upper respiratory tract 

infections and headaches. Due to its non-lytic design, Iscalimab avoided the thrombotic complications 

observed in earlier therapies targeting this pathway [27]. Restoring immune balance represents another 

mechanism to combat disease symptoms. Low-dose interleukin-2 therapy is an immunomodulatory approach 

that restores immune equilibrium by selectively stimulating protective regulatory T-cells (Tregs). By 

suppressing inflammation, this treatment significantly lowers systemic disease activity (ESSDAI) and 

alleviates subjective symptoms such as dryness, pain, and fatigue. This method is safe, well-tolerated, and, 

unlike traditional immunosuppression, it is not associated with an increased risk of infection [29]. 

 

Signal Modulation: Intracellular Pathway Inhibitors 

The modulation of intracellular signals allows for the simultaneous inhibition of multiple cytokines that 

depend on shared transduction pathways. One class of such modulators is Janus kinase inhibitors, which 

include Baricitinib and Filgotinib. These agents demonstrate the ability to dampen the so-called "interferon 

signature" that predominates in most patients with SjD. By blocking type I IFN signaling, these drugs reduce 

epithelial inflammation and secondary BAFF production [21, 42]. Filgotinib is a selective JAK1 inhibitor. It 

was evaluated in a Phase 2 clinical trial comparing its efficacy to placebo in patients with active SjD. Although 

a higher response rate was recorded at week 12 (16.6%) compared to the placebo group, this difference did not 

reach statistical significance. However, studies suggest its potential role in improving parameters within the 

glandular domain of the ESSDAI score [43]. Baricitinib is a selective JAK1 and JAK2 inhibitor, the efficacy 

of which was assessed in a pilot study of 11 female patients with active Sjögren’s syndrome (ESSDAI ≥ 5). 

The drug's mechanism involves blocking cytokine pathways crucial to disease progression, including type I 

interferon and interleukins 6 and 17. Over six months of treatment at a dose of 2 mg daily, a statistically 

significant reduction in disease activity was observed on the ESSDAI and ESSPRI scales, alongside clinical 

improvement in arthritis, skin lesions, and interstitial lung disease. A transient decrease in serum IgG levels 

was also noted. The authors emphasize that due to the pilot nature of the study and the lack of a control group, 

these results are preliminary and require verification in randomized controlled trials [44]. Bruton’s tyrosine 

kinase (BTK) inhibitors, including Tirabrutinib and Remibrutinib, target B-cell hyperactivity. Tirabrutinib is 

a selective, oral BTK inhibitor. In a Phase 2 study, the drug was well-tolerated and demonstrated biological 

activity by reducing serum immunoglobulin levels. However, it did not reach the predefined endpoint, no 

statistically significant improvement in ESSDAI or ESSPRI clinical indices was found compared to placebo 

at week 12. These results suggest that while blocking the BTK pathway modifies the patient's immunological 

profile, translating this effect into clear symptomatic improvement in SjD requires further research into patient 

selection or treatment duration [45]. In contrast, Remibrutinib in a Phase 2 study (LOUiSSe) significantly 

lowered systemic disease activity (ESSDAI) and levels of inflammatory biomarkers such as CXCL13, while 

showing a trend toward improving salivary gland secretory function. Although no significant change in 

subjective perceptions of dryness has been reported yet, the therapy proved safe and well-tolerated, with mild 
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respiratory infections being the most common side effect [46]. Another modulator is Lanraplenib, acting as a 

selective spleen tyrosine kinase (SYK) inhibitor. SYK kinase plays a pivotal role in signaling through B-cell 

receptors and Fc receptors. In a Phase 2 study of patients with active Sjögren’s syndrome (ESSDAI ≥ 5), the 

drug was administered orally at a dose of 30 mg once daily. Although Lanraplenib did not achieve a statistically 

significant advantage over placebo in the primary composite endpoint (p = 0.16), secondary endpoint analysis 

showed significant improvement in the objective measurement of tear secretion via Schirmer’s test (p = 0.046). 

The mean decrease in systemic activity on the ESSDAI scale was 2.48 points at week 12. The therapy was 

well-tolerated, with nasopharyngitis being the most common mild to moderate adverse event [43]. 

 

Neonatal Fc Receptor (FcRn) Inhibitors as a Strategy for Autoantibody Elimination 

The mechanism of action for neonatal fragment crystallizable receptor (FcRn) inhibitors, such as 

Nipocalimab and Efgartigimod, is based on the competitive blocking of the receptor's binding domain. This 

disrupts the physiological recycling pathway of immunoglobulin G (IgG), leading to its rapid degradation. In 

Sjögren’s disease, this approach allows for a significant reduction in the levels of pathogenic autoantibodies, 

such as anti-Ro and anti-La. Nipocalimab is a fully human monoclonal antibody. The Phase 2 DAHLIAS study 

demonstrated that a dose of 15 mg/kg administered intravenously every two weeks leads to a clinically 

significant improvement in disease activity, as measured by the ClinESSDAI score, alongside a reduction in 
symptoms of dryness, pain, and fatigue. The drug is characterized by a safety profile similar to placebo, with 

upper respiratory tract infections being the most frequently reported adverse events [47]. Efgartigimod, in a 

Phase 2 study of patients with Sjögren’s syndrome, reduced IgG levels by an average of 60%, yielding clear 

clinical improvement. Currently, the OASIS trial is evaluating its efficacy in alleviating persistent dryness in 

individuals with low systemic activity [48]. 

 

Inhibition of the Interferon Axis via Nuclease-Mediated Elimination of Circulating RNA 

RSLV-132 is a fusion protein that functions as an enzyme digesting circulating free RNA molecules, 

thereby preventing the activation of immune receptors and dampening interferon-driven inflammation. In 

clinical trials, this agent demonstrated particular efficacy in alleviating severe fatigue, providing patients with 

distinct and statistically significant relief as measured by specialized quality-of-life scales, such as FACIT-

Fatigue. The therapy is characterized by a very favorable safety profile and represents a promising option, 

especially for individuals for whom exhaustion is the most burdensome symptom of Sjögren’s disease[49]. 

 

The Future: Regenerative Medicine 

Exosome therapy utilizes small vesicles, ranging from 30 to 150 nm, to transport molecules such as 

miRNA and proteins that regulate the immune response. In Sjögren’s disease, stem cell-derived exosomes 

inhibit inflammation and restore lymphocyte balance, while those derived from dental pulp regenerate salivary 

glands, improving their secretory function. As a stable and safe cell-free approach, exosomes represent a 

promising alternative to conventional therapies; however, their widespread clinical application requires the 

standardization of isolation methods and confirmation of efficacy in human clinical trials [50]. 

 

Conclusions 

Due to the complex, multifactorial pathogenesis of Sjögren’s disease, treatment has historically been 

limited to symptomatic relief. However, recent discoveries have provided a deeper understanding of the 

molecular pathogenesis, enabling the development of novel targeted therapies aimed at modifying the disease 

course. Recent scientific research highlights the pivotal role of salivary gland epithelial cells, which are no 

longer viewed merely as targets of attack but as active mediators of inflammation capable of antigen 

presentation and driving the interferon signature. Consequently, research into inflammation-quenching agents, 

such as JAK and BTK inhibitors, is crucial; these represent promising tools for inhibiting the interferon 

signature, leading to the stabilization of organ function and a steroid-sparing effect. Furthermore, the 

significant role of CD8+ GZMK+ T-cells, which produce granzyme K and induce mitochondrial dysfunction, 

has been demonstrated, paving the way for interventions that directly protect the secretory apparatus. Excessive 

and uncontrolled B-cell proliferation is another key component of the pathogenesis. Autoreactive B-cells 

represent a critical stage in the transformation toward B-cell lymphomas; therefore, immunomodulating drugs 

such as Ianalumab, which can achieve rapid B-cell depletion not only in peripheral blood but directly within 

glandular tissues, could represent a breakthrough in SjD treatment. Factors such as BAFF and APRIL drive 

excessive B-cell production, thus, therapies targeting these factors, as well as the CD40-CD40L pathway, allow 
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for a significant reduction in systemic activity (measured by the ESSDAI index) and subjective improvements 

in pain and fatigue. The use of exosomes derived from stem cells and dental pulp represents the horizon of 

regenerative medicine, offering hope not only for inhibiting the autoimmune process but also for restoring the 

function of damaged glands. Although some targeted therapies still require verification in Phase III trials to 

confirm statistical significance, the accumulated evidence suggests that personalized treatment based on the 

patient’s molecular profiling will become the clinical standard in the coming years. The future of SjD therapy 

lies in combining early immunomodulatory intervention with modern tissue regeneration methods, effectively 

preventing severe organ complications and significantly improving patients' quality of life. 
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