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Abstract

Context: Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease characterized by heterogeneous clinical

manifestations and dysregulated innate and adaptive immune responses. Conventional management relies largely on

immunosuppressants, which pose challenges for long-term efficacy and sustained disease control. Recent therapeutic advances

have introduced monoclonal antibodies as a more targeted approach to disease control.

Evidence Acquisition: A comprehensive literature search was conducted in PubMed, Scopus, Web of Science, and Embase

from database inception to early 2026. The review included randomized controlled trials, pivotal phase II/III trials, long-term

extension trials, observational cohort studies, systematic reviews and meta-analyses, and regulatory documents from the FDA

and the EMA.

Results: Anifrolumab, a monoclonal antibody that inhibits the type I interferon pathway, appears to improve SLE

manifestations and to enable sustained reductions in the corticosteroid dose. B-cell-targeted therapies, including belimumab,

rituximab, and obinutuzumab, together with novel agents targeting other immune pathways, offer promising therapeutic

alternatives. Although several novel therapies have demonstrated clinical benefit in SLE, other experimental approaches, such

as ustekinumab, have failed to show significant efficacy. Cell-based therapies, including anti-CD19 chimeric antigen receptor T-

cell therapy, are emerging as investigational options for refractory disease.

Conclusions: Emerging targeted and cell-based therapies represent a promising direction in SLE management by enabling

more precise strategies for treatment-resistant disease; however, careful evaluation of their long-term safety, effectiveness, and

accessibility is required.
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1. Context

1.1. Introduction

Systemic lupus erythematosus (SLE) is a chronic
autoimmune disease in which loss of immune tolerance

leads to the production of autoantibodies against
nuclear antigens, resulting in immune-complex

deposition and multiorgan inflammation (1, 2). The

clinical spectrum ranges from mild mucocutaneous
involvement to life-threatening nephritis,

neuropsychiatric syndromes, and hematologic
cytopenias. Despite improvements in survival, many

patients continue to experience disease flares and

treatment-related morbidity.

Conventional lupus management primarily involves

antimalarial agents, particularly hydroxychloroquine,

together with immunosuppressive or

immunomodulatory therapies, including

glucocorticoids, cyclophosphamide, mycophenolate

mofetil, methotrexate, and azathioprine (1, 3). These
drugs have substantial adverse effects, including

increased infection risk, hepatic and renal toxicity,

osteoporosis, and metabolic complications. They also

lack specificity and may affect normal immune

pathways and healthy cells. Recent advances in
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biotechnology and immunology have led to the

development of targeted therapies (4). This therapeutic

gap has driven the development of biologics that
selectively interfere with key pathogenic pathways.

Several studies have shown that monoclonal

antibodies can target specific pathogenic mechanisms

in SLE. Monoclonal antibodies, generated from clonal B-

cell lines, recognize and neutralize specific molecular

targets. In SLE, they can deplete B cells, block cytokines

or costimulatory signals, or interfere with interferon

signaling. Since the approval of belimumab (anti-BAFF)

and, more recently, anifrolumab (anti-IFNAR1) and

obinutuzumab (anti-CD20 for lupus nephritis), the

biologic armamentarium for SLE has expanded

substantially (1, 4-6).

This review aims to 1) provide a structured narrative
review methodology for evidence synthesis; 2) critically

evaluate the current evidence for monoclonal antibody-

based therapies in SLE and lupus nephritis; 3) compare

their efficacy and safety with conventional

immunosuppressants; and 4) discuss emerging cellular
strategies, including CAR-T therapy, that may redefine

treatment goals in refractory disease.

1.2. Systemic Lupus Erythematosus and Lupus Nephritis:
Pathogenic Overview

SLE is a polygenic autoimmune disorder

characterized by substantial heterogeneity arising from

dysregulation of innate and adaptive immunity.
Consequently, the body produces antibodies against

nuclear antigens such as double-stranded DNA (dsDNA).

The appearance of autoantibodies triggers immune-

complex formation and inflammation in several target

organs (1, 2).

The clinical manifestations of SLE vary substantially

among patients. Some patients have mild

manifestations confined to the skin and joints, whereas

others develop severe organ damage. Recurrent

inflammation, photosensitivity, skin changes, anemia,

cardiovascular disease, and nephropathy are common

clinical manifestations. Photosensitivity is a frequent

cutaneous feature and may induce skin erythema or

cutaneous vasculitis. In addition, atypical overlapping

autoimmune presentations, such as bullous lupus

erythematosus, contribute to the diagnostic and

pathogenic complexity of the disease (1, 7).

Lupus nephritis (LN) occurs in approximately 40 -

70% of patients and is a major determinant of long-term

prognosis. Histologically, LN is classified into 6 classes (I-

VI), with proliferative forms (classes III and IV) carrying

the highest risk of progression to end-stage kidney

disease. The pathogenesis of LN involves glomerular

immune-complex deposition, complement activation,

and local inflammation mediated by type I interferons

and infiltrating immune cells (1, 8).

The condition is more common in women in their

third and fourth decades of life; however, it may develop

at any age. SLE is more commonly observed among

individuals from Afro-Caribbean, African American, and

Asian populations. Increasing global awareness and

addressing diagnostic disparities in developing health

care systems remain important for improving patient

outcomes. Although survival among patients with lupus

has improved, disease management remains

challenging because of the heterogeneous nature of SLE,

recurrent flares, and adverse effects associated with

prolonged immunosuppressive treatment (1, 5, 6, 8-11).

The heterogeneous nature of the disease, recurrent
flares, and cumulative organ damage caused by both

disease activity and long-term immunosuppression

remain major clinical challenges.

2. Evidence Acquisition

2.1. Literature Search and Methodology

To ensure transparency, a comprehensive literature
search was conducted in PubMed, Scopus, Web of

Science, and Embase from the inception of each
database through early 2026. The search strategy used

Boolean operators to identify relevant publications:

("Systemic Lupus Erythematosus" OR "Lupus Nephritis")
AND ("Monoclonal Antibody" OR "Belimumab" OR

"Anifrolumab" OR "Rituximab" OR "Obinutuzumab" OR
"Dapirolizumab" OR "Litifilimab" OR "Ustekinumab" OR

"CAR-T") (1, 4).

This review included randomized controlled trials

(RCTs), pivotal phase II/III trials, long-term extension

trials, observational cohort studies, systematic reviews

and meta-analyses, and regulatory documents from the

FDA and EMA. Eligible references were independently

screened by the authors, and regulatory approval status

was updated as of the manuscript revision date (3, 6).

3. Results

3.1. Targeted Biological Therapies in Systemic Lupus
Erythematosus

Monoclonal antibodies are a form of biologic therapy

produced in vitro through the fusion of B lymphocytes
and myeloma cells. These antibodies have an affinity for

specific target antigens in the immune system, enabling

selective modulation of immune responses and disease

activity. Compared with standard immunosuppressive
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medications, monoclonal antibodies provide a more

targeted mechanism of action; however, they carry

specific risks, including serious infections, infusion

reactions, and hypogammaglobulinemia (1, 4-6).

3.2. Comparison of Conventional Treatments and
Monoclonal Antibody Therapies

Hydroxychloroquine (HCQ) is a cornerstone therapy

for patients with SLE. Many patients also require

glucocorticoids for acute disease control; however, long-

term use is limited by cumulative toxicity, including

osteoporosis, avascular necrosis, metabolic syndrome,

and irreversible organ damage (12, 13). For patients with

inadequate responses or major organ involvement,

immunosuppressants such as mycophenolate mofetil,

cyclophosphamide, and azathioprine are added.

However, these agents are nonspecific and may

predispose patients to opportunistic infections,

malignancies, and infertility (1, 3, 14).

Biologic therapies offer distinct advantages:

- Steroid-sparing effect: Anifrolumab and belimumab

have both demonstrated significant glucocorticoid dose
reductions in clinical trials.

- Targeted pathway inhibition: These therapies

intervene in defined pathogenic pathways, such as IFN-I,

BAFF, and CD20, rather than broadly suppressing the

immune system.

In line with current EULAR guidelines, biologic drugs
may be considered in patients with persistent disease

activity and frequent relapses who do not respond

adequately to existing treatments. Belimumab (anti-

BAFF) and anifrolumab (anti-IFNAR1) are approved add-

on options, while obinutuzumab has recently been

approved for active LN.

Compared with conventional immunosuppressive

drugs, monoclonal antibodies provide a more targeted

approach that may improve treatment outcomes while

reducing toxicity. Nevertheless, monoclonal antibodies

are not without drawbacks, including high cost, the

need for parenteral administration, infusion reactions,

and, in some cases, increased infection risk. Moreover,

not all patients respond, reflecting the biological

heterogeneity of SLE (1, 3, 12).

Figure 1 illustrates the historical evolution of SLE

therapies from nonspecific immunosuppression to

targeted biologics.

3.3. Mechanisms of Action: Conventional Drugs Versus
Monoclonal Therapies

Therapeutic intervention in SLE increasingly focuses

on targeted inhibition of specific immunopathologic

pathways involved in disease development. SLE develops

because of abnormalities in cell death and failure to

clear cellular degradation products, resulting in

exposure to nuclear and cytoplasmic autoantigens.

These antigens activate B and T cells, leading to
autoantibody production, immune-complex formation,

and complement activation (15, 16). In addition, they

promote the activation of type I interferon (IFN), which

contributes to inflammation and tissue damage (17).

Conventional immunosuppressants broadly inhibit

lymphocyte activity, whereas monoclonal antibodies

interfere with discrete immune checkpoints:

- Anifrolumab blocks the IFNAR1 subunit, suppressing

the type I interferon signature.

- Anti-CD20 antibodies, including rituximab and

obinutuzumab, deplete mature B lymphocytes and

reduce autoantibody production.

- Belimumab neutralizes soluble BAFF/BLyS, thereby

inhibiting B-cell survival and differentiation.

Figure 2 contrasts the broad effects of

immunosuppressants with the focused actions of
monoclonal antibodies on key SLE pathways.

3.4. Approved and Late-Stage Monoclonal Antibody
Therapies

3.4.1. Belimumab: Foundational BAFF Blockade

Belimumab is a monoclonal antibody that inhibits

BLyS and soluble BAFF. In the BLISS trials conducted in

patients with nonrenal SLE, belimumab improved SRI-4

response rates and reduced disease flares. In active

lupus nephritis, the phase III BLISS-LN trial showed

increased complete renal response (CRR) and primary

efficacy renal response (PERR) rates in patients receiving

belimumab compared with standard treatment after

104 weeks of therapy. Belimumab has been approved for

use in SLE and lupus nephritis by both the EMA and FDA

(18, 19).

3.4.2. Anifrolumab: Targeting the Interferon Pathway

Anifrolumab is a fully human IgG1 monoclonal

antibody that targets the IFNAR1 subunit of the type I

interferon receptor. Binding to IFNAR1 blocks type I

interferon signaling. In the TULIP-2 trial, anifrolumab

improved BICLA response rates (47.8% vs 31.5%) and

allowed corticosteroid dose reduction compared with

placebo. The TULIP-1 trial did not achieve its primary SRI-

4 endpoint, although post hoc analysis supported

efficacy according to BICLA. Anifrolumab is authorized

for the treatment of active nonrenal SLE. Herpes zoster

infection rates were higher in the anifrolumab group.
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Figure 1. Timeline of therapeutic advances in SLE, illustrating the progression from conventional immunosuppressive agents to targeted biologic therapies.

These studies did not include patients with severe active

lupus nephritis (15, 20, 21).

3.4.3. Enhanced B-Cell Depletion: Obinutuzumab

In the EXPLORER and LUNAR studies, rituximab

produced inconclusive primary outcomes. Nevertheless,

observational registries support its off-label use in

refractory disease. Obinutuzumab was developed to

achieve deeper tissue B-cell depletion. It is a type II

humanized anti-CD20 monoclonal antibody with

enhanced antibody-dependent cell-mediated

cytotoxicity. Results from a phase III regimen showed

that the combination of obinutuzumab with

glucocorticoids increased total renal response rates

from 33.1% to 46.4% at 76 weeks in proliferative lupus

nephritis (P = 0.007). FDA approval was granted in

October 2025 (17, 22, 23).

3.4.4. Costimulation Blockade: Dapirolizumab

Dapirolizumab pegol is a PEGylated Fab' fragment

targeting CD40 L. Because it lacks an Fc region, it avoids

the thromboembolic adverse effects associated with

earlier anti-CD40 L antibodies. In the phase III

PHOENYCS DO trial, dapirolizumab pegol met its

primary endpoint, achieving a 500% BICLA response rate

at week 48 compared with 35.4% with placebo (P = 0.011)

(24).

3.4.5. Targeting Plasmacytoid Dendritic Cells: Litifilimab

Litifilimab (BIIB059) is a humanized monoclonal

antibody targeting blood dendritic cell antigen 2

(BDCA2) on plasmacytoid dendritic cells (pDCs). In the

phase II LILAC study, litifilimab significantly reduced

cutaneous disease activity and produced a modest

reduction in active swollen or tender joints. Phase III

trials in the TOPAZ program are currently ongoing (25).

3.5. Lessons From Unsuccessful Programs: Ustekinumab

Ustekinumab is a monoclonal antibody targeting the

receptor complex shared by interleukin (IL)-12 and IL-23

and initially showed promising results. However, an

important phase III global trial was stopped

prematurely after an interim analysis showed no

significant difference in SRI-4 response rates compared

with placebo (1, 26).

3.6. Emerging Cellular Therapies: CAR-T

Beyond monoclonal antibodies, adoptive cellular

therapy with anti-CD19 chimeric antigen receptor (CAR)

T cells represents an innovative investigational strategy.
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Figure 2. Mechanisms of action of immunosuppressive medications and targeted therapies in SLE. Belimumab: BAFF (BLyS); inhibits B-cell survival and differentiation; FDA/EMA
approved. Anifrolumab: IFNAR1; blocks type I interferon signaling; FDA/EMA approved. Rituximab: CD20; depletes B lymphocytes; off-label use with mixed RCT results.
Obinutuzumab: CD20 (type II); enhanced B-cell depletion/ADCC; phase II/III (LN). Dapirolizumab pegol: CD40 L; inhibits T-B cell costimulation; phase III ongoing. Litifilimab:
BDCA2; suppresses pDC-derived IFN-I; phase III ongoing.

By targeting CD19, CAR T cells deeply deplete B-cell

lineages across lymphoid tissue. Early cohort studies
and pooled analyses, including 47 patients across 10

studies, reported high rates of drug-free remission
according to LLDAS/DORIS criteria in highly refractory

SLE (1).

Nevertheless, promotional terms such as "revolution"

should be used cautiously because CAR-T therapy is

associated with serious adverse effects, including

cytokine release syndrome, most commonly grades 1 - 2,

neurotoxicity, prolonged cytopenias, and

hypogammaglobulinemia. Manufacturing challenges,

high costs, and risks associated with conditioning

regimens require careful evaluation in future research

(27, 28).

4. Conclusions

4.1. Discussion and Future Perspectives

The treatment landscape for SLE is evolving. The

approval of belimumab, anifrolumab, and

obinutuzumab, together with promising late-stage data

for dapirolizumab and litifilimab, indicates that

targeted therapies are now an established component

of SLE management (18, 20, 22, 24, 25). However, several
challenges remain:

- Patient heterogeneity: Validated biomarkers,

including interferon gene signatures and baseline BAFF

levels, are needed to guide precision treatment selection

(1, 29, 30).

- Safety monitoring: Long-term surveillance is

required for serious infections,

hypogammaglobulinemia, and viral reactivation (4, 15).

- Access and cost: The high acquisition costs of
biologic and cellular therapies remain barriers in health

care systems worldwide (16, 17).

4.2. Conclusions

Overall, SLE management has shifted in recent years

from relatively nonspecific broad immunomodulation

toward highly targeted immune modulation with

monoclonal antibodies and emerging cellular therapies

(1, 3). Anifrolumab notably reduces disease activity and

enables steroid dose reduction in patients with

nonrenal SLE, whereas belimumab remains an

important therapeutic option for both SLE and lupus
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nephritis, and obinutuzumab has shown substantial

benefit in proliferative lupus nephritis (18, 20, 21).

Investigational agents such as dapirolizumab pegol

have demonstrated efficacy (24); however, unsuccessful

studies of ustekinumab suggest that this pathway may

be redundant (26). Finally, anti-CD19 CAR T-cell therapy

has shown promising preliminary results in patients

with refractory disease, although its long-term efficacy

and safety require further investigation (27).
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