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ABSTRACT
Rheumatoid Arthritis (RA) is a chronic autoimmune inflammatory condition that is marked by 
sustained synovial inflammation, joint destruction, and extra-articular complications. While 
methotrexate and other conventional synthetic Disease-Modifying Antirheumatic Drugs 
(csDMARDs) continue to be the first line of treatment, the majority of patients' poor response 
to these drugs has led to the development of monoclonal Antibody (mAb) therapies that 
target distinct immune mediators. This review critically examines the therapeutic development, 
mechanisms, clinical efficacy, and safety profiles of monoclonal Antibodies (mAbs) in the 
treatment of RA. A comprehensive literature search was conducted using keywords related to 
"rheumatoid arthritis," "biologic DMARDs," and "monoclonal antibodies" under studies published 
between 2010 and 2025 in the PubMed, Scopus, and Web of Science databases. Mechanistic 
selectivity, treatment efficacy, and tolerability were examined for major monoclonal antibodies, 
including TNF-α and IL-6 inhibitors, B-cell-depleting agents, and T-cell co-stimulation blockers. 
New biologics like bispecific antibodies, nanobodies, and antibody-drug conjugates are also 
reviewed in relation to precision immunotherapy. Clinical and real-world evidence proves mAb 
therapy significantly enhances disease remission, functional recovery, and patient-reported 
outcomes over csDMARDs, although infection risk and high cost are still issues. Further 
developments in pharmacogenomics, biomarker discovery, and biosimilars are anticipated to 
maximize individualized therapy and improve access. Together, mAb-based treatments represent 
a paradigm shift from empirical immunosuppression to precision-driven immunotherapy in RA.
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INTRODUCTION

RA is a systemic autoimmune disorder that is marked by ongoing 
synovial inflammation, pannus formation, and bone and cartilage 
progressive destruction with resulting pain, disability, and 
systemic complications. Traditional synthetic Disease-Modifying 
Antirheumatic Drugs (csDMARDs), especially methotrexate, 
are still first-line treatment and are of significant value in 
most patients but often relapse when tapered or stopped, the 
indication being for more long-lasting forms of treatment 
(O'Neil et al., 2024; Lillegraven et al., 2023). The pathogenesis of 
RA is characterized by intricate immune-cytokine interactions 
involving proinflammatory mediators like Tumor Necrosis 
Factor-alpha (TNF-α), Interleukin-1 (IL-1), and Interleukin-6 

(IL-6), along with activated B and T lymphocytes, that cause 
chronic inflammation and promote joint destruction. With 
advances in molecular immunology, biologic Disease-Modifying 
Antirheumatic Drugs (bDMARDs) that specifically target 
these pathways have been developed. Drugs blocking TNF and 
IL-6 signaling, B-cell depletion, or T-cell co-stimulation have 
dramatically enhanced disease activity and radiographic response 
(Smolen et al., 2018).

The development of mAb therapy has thus been a paradigm 
shift from non-specific immunosuppression to precision 
immunomodulation. By targeting crucial pathogenic mediators, 
mAbs improve therapeutic efficacy with reduced off-target 
effects. However, continued concerns over infection risk, 
immunogenicity, and expensive treatment still limit their 
universal use. This review is a critical analysis of mAb therapy in 
RA, covering the immunopathological basis for their use, actions, 
clinical activity, safety profile, and roles of pharmacogenomics and 
biomarker-directed strategies. It also discusses newer biologics 
and antibody-engineering technologies that might further define 
precision immunotherapy and extend accessibility to patients 
with refractory or challenging-to-treat disease.
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METHODOLOGY

A systematic review of the literature was conducted to assess 
mAb therapies in RA. Pertinent studies were retrieved from 
PubMed, Scopus, and Web of Science, as well as guideline 
reports of the American College of Rheumatology (ACR) and 
European Alliance of Associations for Rheumatology (EULAR). 
The literature search employed the terms "rheumatoid arthritis," 
"monoclonal antibodies," "biologic DMARDs," "TNF inhibitors," 
"IL-6 inhibitors," and "rituximab," in English-language 
publications through July 2025. Randomized controlled trials, 
systematic reviews, and meta-analyses were prioritized with 
observational and real-world studies added for contextualization. 
Extracted information regarding mechanisms, efficacy, safety, 
biosimilars, and future trends was synthesized into a clinical 
overview of integration.

Immunopathogenesis of RA

RA results from intricate interactions between innate and 
adaptive immunity, perpetuating chronic synovial inflammation, 
autoantibody generation, and progressive cartilage and bone 
erosions. Innate cells such as macrophages and dendritic cells 
recognize citrullinated antigens and secrete pro-inflammatory 
cytokines (TNF-α, IL-1β, IL-6), stimulating synovial fibroblasts 
and osteoclasts and inducing pannus formation (Rufino et al., 
2024). A defining feature of RA is the development of pannus 
tissue in the synovium as illustrated in Figure 1. Adaptive 
immunity has CD4⁺ T helper subsets, such as Th1 and Th17, 
which produce IFN-γ, IL-17A, IL-21, and IL-23 and promote 
inflammation and osteoclast differentiation, while Tregs and 
Th2 subsets are impaired, disrupting immune regulation. B 
cells contribute through autoantibody production (RF, ACPA), 
antigen presentation, and cytokine release. Additional mediators, 
including GM-CSF, IL-7, IL-18, IL-33, and type I interferons, 
amplify and sustain RA inflammation (Kondo et al., 2021).

Role of TNF-Α, IL-6, AND B-CELL Activation in Disease 
Progression

Increased levels of proinflammatory cytokines, especially TNF-α 
and IL-6, along with ectopic B-cell activation, are major pathogenic 
mechanisms driving RA and several chronic inflammatory 
disorders. TNF-α, a master mediator of the immune response, 
induces the NF-κB signaling cascade to drive the transcription 
of inflammatory genes and the survival and differentiation of B 
cells. Likewise, secreted by a variety of immune cell sources, IL-6 
acts as a highly efficacious growth and differentiation factor for B 
cells by driving the generation of plasma cells and the increase of 
antibody secretion (Yu et al., 2025). The sustained overexpression 
of these cytokines creates the inflammatory microenvironment 
that drives ectopic lymphoid neogenesis and autoantibody 
production, further driving synovial inflammation and joint 
destruction. Blockade of the signaling of TNF-α and IL-6 has 

proven to have marked effects in the regulation of the immune 
response and the reduction of clinical features in RA patients. 
An overall picture of the relationship between the signaling of 
cytokines and the activation of B cells is therefore important for 
the further discovery of therapeutic initiatives that look towards 
the diminution of disease progression and the long-term clinical 
result (Jain et al., 2025).

Evolution of mAbs Therapy in RA

The development of mAb therapy for RA began in the 1970s with 
murine antibodies generated via hybridoma technology (Köhler 
and Milstein, 1975). Clinical application emerged in the 1990s 
with TNF-α inhibitors initially infliximab, followed by etanercept 
and adalimumab demonstrating that cytokine blockade 
could alleviate symptoms and slow radiographic progression. 
Subsequent generations of chimeric, humanized, and fully 
human mAbs reduced immunogenicity, while newer targets 
such as IL-6 and B cells (e.g., rituximab) expanded therapeutic 
options. More recently, treatment strategies have shifted toward 
earlier, aggressive use of biologic DMARDs (bDMARDs), 
biomarker-guided patient stratification, and optimization of 
mAb formats to enhance efficacy and safety (Domańska-Poboża 
and Wisłowska, 2025).

Conventional synthetic DMARDs (csDMARDs), particularly 
methotrexate, remain the initial “anchor” therapy. Patients who 
do not achieve remission or low disease activity within 3-6 
months, or who present poor prognostic factors, often escalate to 
biologic or targeted synthetic DMARDs (b/tsDMARDs). Registry 
data from the USA (CorEvitas, 2012-2014) show TNF inhibitors 
as the most common first biologic, although JAK inhibitor use 
increased after 2015, reflecting earlier switching from csDMARDs 
in cases of suboptimal response. First-line b/tsDMARD duration 
has also shortened (~208 days in 2015-2017 vs. ~153 days in 
2018-2021). Similarly, a Japanese cohort (2008-2020) reported 
25.6% of patients used b/tsDMARDs in combination with 
csDMARDs, while 7.7% used them as monotherapy, with TNFi 
remaining the predominant initial biologic. These results suggest 
increasing biologic initiation earlier in the disease course, tighter 
response criteria, and increased treatment flexibility (Miyashiro 
et al., 2024).

Mechanism of Action

Monoclonal antibodies (mAbs) regulate immunity through 
double-barrelled mechanisms: the Fab portion recognizes 
antigens, preventing pathogenic ligands or causing receptor 
internalization, and the Fc portion activates effector functions, such 
as ADCC, CDC, and ADCP, for the destruction of disease-related 
cells. Anti-TNF antibodies such as infliximab and adalimumab 
retain the IgG Fc domain, neutralizing TNF-α and triggering 
cytotoxicity, whereas Fc-lacking agents like certolizumab pegol 
do not. Antibody-Drug Conjugates (ADCs) are being explored 
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to combine targeted binding with anti-inflammatory payload 
delivery for precise immune suppression (Dixit et al., 2024).

Non-TNF biologics, including IL-6 inhibitors, B-cell depletion 
therapies, and T-cell co-stimulation blockers are used in 
DMARD-refractory patients. Registry data, such as the Swedish 
Rheumatology Register, show that tocilizumab and rituximab 
achieve higher one-year responses (EULAR Good Response, 
HAQ improvement) than TNF inhibitors, particularly after 
prior TNFi failure. Network meta-analyses (~7,800 patients) 
indicate abatacept increases the likelihood of achieving ACR70 
by ~2.2-fold versus tocilizumab, with rituximab intermediate 
and tocilizumab sometimes producing faster early responses 
(ACR20). Safety, tolerability, and retention vary; rituximab and 
tocilizumab generally show superior long-term persistence. 
Biologic selection depends on prior therapy, comorbidities, 
infection risk, extra-articular disease, and desired speed of 
response (Sebba et al., 2023). Figure 2 illustrates the cellular and 
molecular mechanisms by which these mAbs reduce inflammation 
and prevent immune-mediated bone erosion in RA.

Therapeutic mAbs in Clinical Use and Development

Several mAbs are approved for RA, each targeting specific immune 
mediators. Infliximab (chimeric anti-TNF-α) and adalimumab 
(fully human anti-TNF-α) neutralize soluble and transmembrane 
TNF-α, usually with methotrexate or other DMARDs, while 
etanercept, a TNF receptor-Fc fusion protein, similarly inhibits 
TNF-α. Tocilizumab and sarilumab block the IL-6 receptor, with 
meta-analyses showing IL-6 inhibitors particularly tocilizumab, 
are highly effective for achieving ACR20/50/70 responses in 
methotrexate-inadequate RA. Rituximab depletes B cells and is 
mainly used in TNFi-refractory patients, while abatacept inhibits 
T-cell co-stimulation and is effective alone or in combination. 
Network meta-analyses (~7,800 patients) found no significant 

differences in ACR70 rates at six months among rituximab, 
abatacept, and tocilizumab, though abatacept showed a higher 
likelihood (RR ≈ 2.2) versus tocilizumab. In difficult-to-treat 
RA, tocilizumab ranked among the most effective for DAS28 
improvement, often outperforming TNF blockers in high-burden 
disease (Pugliesi et al., 2023). Table 1 lists the mAbs approved for 
clinical use in RA management.

Bispecific Antibodies (bsAbs) engage multiple targets 
simultaneously, enhancing efficacy, exemplified by FDA-approved 
elranatamab for relapsed/refractory multiple myeloma. 
Single-chain variable Fragments (scFvs) and nanobodies 
improve tissue penetration and reduce immunogenicity, 
while Antibody-Drug Conjugates (ADCs) deliver cytotoxic or 
modulatory agents directly to disease sites, reducing systemic 
toxicity. Continued development of these novel scaffolds promises 
safer, effective therapies for RA and other autoimmune diseases 
(Dhillon, 2023). Several mAbs are currently under clinical 
development for RA, as outlined in Table 2.

Clinical Efficacy and Outcomes

Monoclonal Antibody (mAb) treatments have dramatically 
changed the course of managing RA by focally targeting 
important immunity mediators like IL-6, TNF-α, B cells, and 
T-cell co-stimulatory molecules. TNF inhibitors (infliximab, 
adalimumab, golimumab, certolizumab pegol) effectively 
reduce inflammation and joint damage, while IL-6 inhibitors 
(tocilizumab, sarilumab, olokizumab) alleviate both joint and 
systemic symptoms. -cell depletion using rituximab and T-cell 
co-stimulation by abatacept offer alternative choices for TNF 
inhibitor resistant patients. Generally well-tolerable drugs have 
associated hazards of infection, hepatic enzyme elevations, and 
infusion reactions. Next-generation agents that target GM-CSF 

Figure 1:  Immunopathogenesis of Rheumatoid Arthritis.
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and JAK pathways have the potential for future mechanisms for 
recalcitrant RA patients (Tanaka et al., 2021).

Safety and Adverse Effects

Monoclonal Antibody (mAb) therapy in Rheumatoid Arthritis 
(RA) offers major therapeutic gains but carries predictable safety 
concerns requiring vigilant monitoring. Common adverse effects 
include mild infusion or injection-site reactions, fatigue, and 
upper respiratory infections. TNF-α inhibitors such as infliximab, 
adalimumab, and certolizumab pegol increase the risk of serious 
infections and tuberculosis reactivation, especially in endemic 
regions (Fernández-Ruiz and Aguado, 2018). Non-tuberculous 
mycobacterial infections have also been reported among TNF 
inhibitor-treated RA patients (Park et al., 2023). IL-6 receptor 
blockers like tocilizumab and sarilumab may cause elevated 
hepatic enzymes, neutropenia, and dyslipidemia, warranting 
regular monitoring (Yu et al., 2025; Kawczak et al., 2025). 
Hepatitis B reactivation has occasionally been observed in IL-6 
inhibitor-treated patients (Chen et al., 2024).

Overall malignancy risk with mAbs in RA remains low, though 
prolonged TNF inhibition has been linked to slightly increased 
rates of non-melanoma skin cancer and lymphoma (Smolen et 
al., 2018; Domańska-Poboża and Wisłowska, 2025). Long-term 
data on rituximab indicate no excess malignancy compared 
to baseline RA populations (van Vollenhoven et al., 2015). 
Immunogenicity, particularly with chimeric antibodies, can 
reduce drug efficacy and provoke hypersensitivity reactions (Jain 
et al., 2025). Pretherapy baseline screening for latent tuberculosis, 
hepatitis B and C, and vaccination status is necessary before 
therapy is started. When properly monitored, mAb therapy has 

an excellent safety profile, with controllable risks outweighed by 
great clinical advantages (Sebba et al., 2023; Kawczak et al., 2025).

Pharmacogenomics and Biomarker-Guided Therapy

Predictive biomarkers play a critical role in pharmacogenomics, 
with the ability to identify those patients who will respond to 
a certain therapy while reducing the occurrence of adverse 
reactions. Such biomarkers comprise genetic variants, gene 
expression patterns, and molecular markers that can predict 
therapeutic response or risk of severe adverse reactions. 
Examples include EGFR mutations in non-small cell lung 
cancer for targeting tyrosine kinase inhibitors and HLA-B*1502 
for carbamazepine-induced hypersensitivity in autoimmune 
diseases, for which pre-treatment genetic screening is advocated. 
Combining clinical and environmental information with 
molecular biomarkers can further enhance treatment plans, 
enhance results, and decrease costs of care (Magee et al., 2021; 
Sadee et al., 2023).

In RA, biomarker and pharmacogenomic strategies facilitate 
precision medicine by maximizing the efficacy and safety of 
treatments. Polymorphisms in genes that participate in drug 
metabolism and immune function affect response to methotrexate 
and biologics and validate the use of individualized therapy choice 
instead of traditional trial-and-error. HLA alleles or cytokine 
levels are biomarkers that can direct DMARD therapy planning 
and forecast patient response. As accessibility and evidence 
increase, pharmacogenomic testing is likely to be a standard part 
of RA management, allowing for tailored treatment approaches 
in all patients independent of disease severity (Dorado and 
Penas-Lledo, 2024).

Figure 2:  Cellular and molecular mechanisms of immune-mediated bone erosion.
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Biosimilars and Cost Considerations

Biosimilars are highly similar biologic drugs to approved reference 
products without any clinically meaningful differences in safety, 
potency, or purity. Their production requires stringent analytical, 
preclinical, and clinical tests, including structural and functional 
characterizations, pharmacokinetics, and immunogenicity 
followed by post-marketing pharmacovigilance. Strict standards 
have been set by regulatory authorities like the USFDA and EMA 
to ascertain quality and similarity prior to approval. Although 
biosimilar development is labour-intensive and expensive, their 
launch enhances patient access to necessary biologics in a less 
expensive way (Mascarenhas-Melo et al., 2024; Ranbhor and 
Kulkarni, 2025).

From an economic standpoint, biosimilars reduce the costs of 
therapy and increase access worldwide. Hospital-level research, 
including the introduction of infliximab biosimilar CT-P13 
in 2024, validated cost savings, albeit with varying benefits 
depending on local prices, procurement deals, and market share. 
In total, biosimilars increase the affordability and accessibility 
of biologic therapy without compromising clinical effectiveness 
(Chen et al., 2024; Krstic et al., 2024).

Challenges and Future Directions

Even with the progress of biologic and targeted therapies, 
effectiveness is constrained by resistance, heterogeneity in patient 
response, and safety. Initial and secondary resistance due to 
immune evasion, bypass signaling, or mutational changes can 

Drug Target Approval 
Year

Route/ Dosing Key Benefits Safety Concerns References

Infliximab TNF-α 1999 IV 3-10 mg/kg q8w Rapid 
anti-inflammatory, 
slows joint damage

Infusion reactions, 
infections

Wijibrandts et al. 
(2005)

Adalimumab TNF-α 2002 SC 40 mg q2w Sustained efficacy, 
improved function

Anti-drug 
antibodies, infection 
risk

Maleki et al. 
(2023)

Golimumab TNF-α 2009 SC 50 mg monthly Effective in refractory 
RA

Infection, 
malignancy risk

Voulgari (2020)

Certolizumab 
pegol

TNF-α 2008 SC 400 mg wk0,2,4 
then 200 mg q2w

Safe in pregnancy, rapid 
onset

Injection site 
reactions, infections

Gracia et al. 
(2017)

Tocilizumab IL-6R 2010 IV 4-8 mg/kg q4w 
/ SC 162 mg weekly

Monotherapy efficacy, 
systemic symptom relief

Dyslipidemia, liver 
enzyme elevation

Ogata et al. 
(2019)

Sarilumab IL-6R 2017 SC 200 mg q2w Effective in 
MTX-intolerant 
patients

Neutropenia, liver 
enzyme elevation

Kawczak et al. 
(2025)

Rituximab CD20 2006 IV 1000 mg days 1 
and 15 q24w

TNF-refractory RA, 
sustained response

Infusion reactions, 
rare PML

Korhonen et al. 
(2010)

Abatacept CD80/86 2005 IV 10 mg/kg q4w / 
SC 125 mg weekly

Reduces inflammation, 
good tolerability

Slower onset, 
infection risk

Korhonen et al. 
(2010)

Table 1: Monoclonal antibodies (mAbs) approved for RA.

Candidate Name Target Molecule Phase Developer Unique Feature References
ABBV-3373 TNF-α + 

Glucocorticoid 
Receptor

II AbbVie Bispecific with 
immunomodulatory domain

D'Cunha et al. (2024)

ALX-0061 IL-6R III Ablynx/Sanofi Nanobody-based design for 
enhanced tissue penetration

Tillib et al. (2020)

GSK2618960 CD25 II GSK Selective Treg activation to 
restore tolerance

Ellis et al. (2019)

MOR103 (Otilimab) GM-CSF III MorphoSys/GSK Targets macrophage-driven 
inflammation

Buckley et al. (2020)

Rozanolixizumab FcRn II UCB Pharma Increases IgG clearance to 
reduce autoantibodies

Sandhu and 
Murakhovskaya (2025)

Table 2:  Pipeline mAbs in clinical development for RA.
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diminish drug action. New methods in targeted drug delivery and 
nanomedicine are directed toward decreasing systemic toxicity, 
improving specificity, and enabling more personalized treatment 
paradigms (Kapare et al., 2025).

Antibody engineering advances are developing multispecific 
and bispecific platforms with enhanced targeting, modularity, 
and lower off-target activity. Computational protein design, Fc 
domain engineering, and valency optimization enable antibodies 
to bind more than one disease-related epitope at a time, enhancing 
potency and therapeutic window. Nanomedicine-based delivery 
vehicles improve biologic targeting, extend drug release, decrease 
systemic exposure, and enhance pharmacokinetics. Collectively, 
these innovations have the potential for safer, more effective, 
and more convenient antibody-based therapies with reduced 
dosing frequency, co-delivery strategies, and individualized RA 
management (Keri et al., 2023; Nasra et al., 2022).

CONCLUSION

Monoclonal Antibody (mAb) therapy has revolutionized RA 
treatment through the targeting of specific cytokines, B cells, and 
T-cell co-stimulation processes involved in disease pathogenesis. 
The drugs suppress synovial inflammation, prevent or mitigate 
joint damage, and enhance patient-reports of physical function, 
pain, and quality of life. Data from observational and randomized 
controlled trials ongoing repeat that mAbs are superior to 
traditional synthetic DMARDs, especially among patients with 
an inadequate response to initial therapy. The prospects for 
mAb precision immunotherapy in RA are promising. Further 
developments in pharmacogenomics, biomarker-guided 
treatment, bispecific and multispecific mAbs, antibody-drug 
conjugates, and nanomedicine-based delivery systems can 
increase the precision of treatment selection, increase therapeutic 
efficacy, and reduce adverse effects. By employing these 
approaches, clinicians can better anticipate response in patients, 
overcome resistance, and customize therapy, taking RA care 
closer to a more individualized, precise model.

Importance of the Paper to the Field of Pharmacy

This paper provides a comprehensive and clinically relevant 
overview of monoclonal Antibody (mAb) therapy in rheumatoid 
arthritis, highlighting mechanisms of action, therapeutic 
outcomes, safety considerations, and emerging strategies. For the 
field of Pharmacy, the review is significant because:

	 •	 It bridges pharmacological science and clinical 
application, enabling pharmacists to better understand 
the role of biologics in autoimmune disease management.

	 •	 It emphasizes biosimilar uptake and cost-effectiveness, 
issues directly tied to pharmacy practice, healthcare 
policy, and patient access.

	 •	 It underscores the need for precision medicine, 
therapeutic monitoring, and biomarker-guided therapy, 
areas where pharmacists play a central role in optimizing 
treatment regimens.

	 •	 By synthesizing guideline-based and real-world 
evidence, it provides a valuable reference for clinical 
pharmacists, academic researchers, and pharmacy 
students aiming to enhance patient-centered care in 
autoimmune disorders.
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