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ABSTRACT  

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease characterized by 

persistent synovial inflammation, progressive joint destruction, and significant functional 

disability. In late-stage RA, therapeutic response becomes highly heterogeneous due to 

accumulated structural damage, immune exhaustion, and genetic variability influencing 

treatment sensitivity. Despite the availability of conventional synthetic, biological, and targeted 

synthetic disease-modifying antirheumatic drugs (DMARDs), a substantial proportion of 

patients fail to achieve sustained remission or low disease activity in advanced disease stages. 

In this context, immuno-genetic biomarkers have emerged as critical tools for predicting 

therapeutic response, monitoring treatment efficacy, and guiding personalized therapeutic 

strategies. This review summarizes current evidence on the role of immunological markers 

(including cytokines, autoantibodies, and immune cell profiles) and genetic polymorphisms 

(notably within HLA, cytokine, and immune regulatory genes) in evaluating antirheumatic 

therapy effectiveness in late-stage RA. Understanding the immuno-genetic landscape of 

advanced RA has important implications for precision medicine, optimized treatment selection, 

and improved long-term outcomes. 
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Introduction 

Rheumatoid arthritis (RA) is a prototypical chronic 
autoimmune inflammatory disease that affects 
approximately 0.5–1% of the adult population worldwide 
and represents a major cause of long-term disability [3, 9]. 
The disease is characterized by persistent synovial 
inflammation, systemic immune activation, autoantibody 
production, and progressive destruction of cartilage and 
bone tissue, ultimately resulting in joint deformity, 
functional impairment, and reduced quality of life [1, 12]. 
Beyond musculoskeletal involvement, RA is associated with 
multiple extra-articular manifestations and an increased risk 
of cardiovascular, metabolic, and infectious complications, 
which further contribute to morbidity and premature 
mortality [6, 14]. 

Over the past two decades, substantial advances in the 
understanding of RA pathogenesis and the introduction of 
treat-to-target strategies have significantly improved clinical 
outcomes [2, 8]. Early diagnosis, aggressive initiation of 
disease-modifying antirheumatic drugs (DMARDs), and 
regular assessment of disease activity have enabled many 
patients to achieve remission or low disease activity [5, 11]. 
However, despite these advances, a considerable proportion 
of patients continue to progress to late-stage disease [7, 16]. 
This progression may occur due to delayed diagnosis, 

suboptimal therapeutic response, drug intolerance, or 
intrinsic disease heterogeneity [4, 18]. 

Late-stage RA should not be defined solely by disease 
duration but rather by the presence of irreversible structural 
joint damage, persistent inflammatory activity, and partial or 
complete refractoriness to multiple antirheumatic agents 
[10, 15]. In this advanced phase, conventional clinical 
measures, such as composite disease activity scores and 
standard laboratory markers, often fail to adequately 
capture ongoing immunological processes within the 
synovium and systemic circulation [13, 19]. As a result, 
treatment decisions based exclusively on clinical parameters 
may be insufficient to achieve optimal disease control [6, 21]. 

In this context, immuno-genetic biomarkers have emerged 
as a promising tool to improve the evaluation of 
antirheumatic therapy effectiveness in late-stage RA [4, 17]. 
These biomarkers integrate immune-related molecular 
signals, including cytokine profiles, autoantibody status, and 
immune cell characteristics, with genetic determinants of 
immune regulation and drug metabolism [1, 20]. Their 
application may enable clinicians to stratify patients 
according to underlying disease mechanisms, anticipate 
therapeutic response, and personalize treatment strategies, 
particularly in individuals with long-standing, therapy-
resistant disease [8, 14]. 
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The aim of this review is to synthesize current evidence on 
the role of immuno-genetic biomarkers in evaluating the 
effectiveness of antirheumatic therapy in late-stage RA, with 
particular emphasis on immunopathological mechanisms, 
genetic susceptibility, clinical relevance, and future 
perspectives in personalized rheumatology [9, 18]. 

 

Immunopathogenesis of Rheumatoid Arthritis 
Rheumatoid arthritis develops as a result of complex 

interactions between genetic susceptibility and 
environmental triggers, ultimately leading to a breakdown of 
immune tolerance [2, 7]. Environmental factors such as 
smoking, microbial exposure, and mucosal inflammation are 
thought to initiate post-translational protein modifications, 
including citrullination, which generate neoantigens capable 
of triggering autoreactive immune responses in genetically 
predisposed individuals [4, 11]. 

The disease is driven primarily by aberrant activation of 
both innate and adaptive immune responses within the 
synovial compartment [6, 15]. Autoreactive CD4⁺ T helper 
cells play a central role in disease initiation and perpetuation 
[1, 9]. Among these, Th1 and Th17 subsets are particularly 
important due to their production of potent 
proinflammatory cytokines, including interferon-γ, 
interleukin-17, and tumor necrosis factor-α (TNF-α) [8, 14]. 
These mediators promote synovial inflammation, recruit 
additional immune cells, and stimulate fibroblast-like 
synoviocytes to produce matrix metalloproteinases and 
other enzymes responsible for cartilage degradation [3, 18]. 

B cells contribute to RA pathogenesis through multiple 
mechanisms [5, 12]. In addition to producing autoantibodies, 
B cells function as antigen-presenting cells and secrete 
proinflammatory cytokines, further amplifying immune 
activation [10, 16]. Autoantibody–immune complex 
formation enhances complement activation and 
macrophage recruitment, leading to sustained synovial 
inflammation and tissue damage [7, 20]. 

In late-stage RA, chronic immune stimulation results in 
synovial hyperplasia, angiogenesis, and pannus formation [4, 
13]. Persistent activation of macrophages and osteoclasts 
drives progressive bone erosion and joint destruction [6, 19]. 
Importantly, prolonged inflammation leads to immune 
remodeling and partial immune exhaustion, characterized by 
altered cytokine networks and impaired regulatory 
mechanisms [11, 17]. These changes may significantly 
influence responsiveness to antirheumatic therapy and 
contribute to treatment resistance observed in advanced 
disease stages [9, 21]. 

 
Genetic Susceptibility and Immune Regulation in RA 
Genetic factors account for approximately 50–60% of 

overall RA susceptibility, with the strongest association 
observed within the major histocompatibility complex [3, 8]. 
Specific HLA-DRB1 alleles encoding the so-called “shared 
epitope” are strongly linked to disease onset, severity, 

autoantibody positivity, and radiographic progression [1, 
12]. These alleles influence antigen presentation and shape 
autoreactive T-cell responses, thereby playing a central role 
in RA immunopathogenesis [6, 15]. 

Beyond HLA genes, polymorphisms in immune regulatory 
genes such as PTPN22, CTLA-4, and STAT4 have been 
implicated in RA susceptibility and disease course [4, 10]. 
Variations in cytokine genes, including TNF-α, IL-6, IL-17, and 
IL-10, further modulate immune activation thresholds and 
inflammatory responses [7, 14]. In late-stage RA, these 
genetic variations may contribute to sustained 
inflammation, enhanced tissue damage, and differential 
responsiveness to specific therapeutic agents [9, 18]. 

Pharmacogenetic studies suggest that genetic 
polymorphisms can influence both the efficacy and toxicity 
of antirheumatic drugs [5, 11]. This is particularly relevant for 
methotrexate, TNF inhibitors, and Janus kinase inhibitors, 
where genetic variability in drug transport, metabolism, and 
intracellular signaling pathways may determine individual 
treatment outcomes [2, 16]. Consequently, genetic profiling 
has gained increasing attention as a component of 
therapeutic decision-making in advanced RA [13, 21]. 

 

Immunological Biomarkers of Disease Activity and 
Treatment Response 

Rheumatoid factor (RF) and anti–citrullinated protein 
antibodies (ACPAs) represent hallmark immunological 
features of RA and are associated with a more aggressive 
disease course and poorer prognosis [2, 8]. ACPAs, in 
particular, are highly specific for RA and are linked to early 
disease onset, severe joint destruction, and extra-articular 
manifestations [5, 11]. In late-stage RA, persistently high 
ACPA titers are often associated with reduced therapeutic 
response and ongoing structural damage, even in patients 
receiving biologic or targeted synthetic DMARDs [7, 16]. 
Although autoantibody levels may not rapidly change in 
response to therapy, their presence reflects a stable 
autoimmune phenotype that may predict resistance to 
certain treatment modalities and favor alternative 
mechanisms of action [4, 19]. 

 

Clinical Implications in Late-Stage Rheumatoid 
Arthritis 

In advanced RA, conventional measures such as composite 
disease activity scores and acute-phase reactants may 
underestimate ongoing immunological activity [3, 9]. 
Structural damage and immune remodeling can mask active 
inflammation, leading to discordance between clinical 
assessment and underlying disease processes [12, 18]. In this 
setting, immuno-genetic biomarkers provide 
complementary information that can enhance treatment 
evaluation and guide therapeutic adjustment [6, 14]. 

Integration of biomarker data into clinical practice may 
enable more precise identification of patients who are 
unlikely to respond to specific therapies, thereby reducing 
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prolonged exposure to ineffective treatment [10, 17]. Early 
switching between therapeutic mechanisms of action, 
informed by immunological and genetic profiling, may 
improve disease control and prevent further joint damage [1, 
15]. In addition, biomarker-guided strategies may help 
reduce cumulative drug toxicity by avoiding unnecessary 
treatment escalation and optimizing drug selection [8, 21]. 

Such approaches are particularly relevant in late-stage RA, 
where irreversible structural damage necessitates precise 
control of residual inflammation to preserve remaining joint 
function and maintain quality of life [11, 20]. 

 

Conclusions 
Late-stage rheumatoid arthritis represents a biologically 

complex and therapeutically challenging phase of disease 
characterized by persistent immune activation, immune 
remodeling, and variable treatment responsiveness [5, 12]. 
Immuno-genetic biomarkers offer valuable insights into the 
underlying mechanisms driving therapeutic outcomes and 
provide a robust foundation for personalized treatment 
strategies [7, 14]. 

Accumulating evidence indicates that cytokine profiles, 
autoantibody status, immune cell phenotypes, and genetic 
polymorphisms collectively influence the effectiveness of 
antirheumatic therapy in advanced RA [3, 10]. Incorporation 
of these biomarkers into clinical decision-making has the 
potential to improve therapeutic precision, reduce disease 
burden, and enhance long-term patient outcomes [16, 19]. 

Further well-designed, large-scale studies are required to 
validate biomarker-guided treatment algorithms and to 
translate immuno-genetic insights into routine 
rheumatology practice [1, 8]. The integration of 
immunology, genetics, and clinical medicine represents a key 
step toward precision rheumatology and improved care for 
patients with late-stage RA [20, 21].  
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