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Abstract

Background The human monoclonal antibody belimumab (BEL) has emerged as a promising treatment for systemic
lupus erythematosus (SLE), particularly for reducing the need for glucocorticoids and minimizing organ damage.

The optimal timing of BEL initiation has been unclear; emerging evidence suggests that early intervention with BEL,
particularly within the first 5 years of diagnosis, may yield better outcomes by modulating disease progression

and reducing flare frequency. Understanding the relationship between disease duration and BEL efficacy is essential
for the development of tailored strategies.

Patients and methods \We analyzed patients with SLE treated at our hospital and associated facilities who were
diagnosed according to the 1997 ACR or 2012 SLICC criteria and who began BEL treatment between December 2017
and August 2021. Patients who were followed for> 12 months after BEL initiation were included. We investigated

the changes in the patients’ Safety of Estrogens in Lupus National Assessment=Systemic Lupus Erythematosus Disease
Activity Index (SELENA-SLEDAI) scores at 3, 6,9, and 12 months after the introduction of BEL, comparing patients

with disease durations <5 years to those with > 5 years. A mixed-effects model was adjusted for the patients’ages,
prednisolone dosages, initial SELENA-SLEDAI scores, Systemic Lupus International Collaborating Clinics (SLICC) dam-
age index (SDI), hydroxychloroquine use, and lupus nephritis. Clinical manifestations including arthritis, skin lesions,
and hematological abnormalities were monitored to assess the broader impacts of BEL.

Results One hundred eleven patients were initially registered; among them, 97 patients were included in the final
analysis. The study population (mean age, 41 years; mean SELENA-SLEDAI, 7 points; 51% using hydroxychloroquine)
included 19 patients with a < 5-year SLE duration and 78 with SLE durations > 5 years. The baseline SELENA-SLEDAI
scores were higher in the < 5-year group (p=0.047), indicating more active disease. Patients with <5 years of disease
had significantly greater improvements in SELENA-SLEDAI scores at 6, 9, and 12 months (p <0.05).
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Conclusions These results highlight the importance of early BEL initiation in SLE, demonstrating that patients
with shorter disease durations achieve more substantial improvements in disease activity with early BEL treatment.
Our findings also reveal the potential benefits of early BEL intervention and suggest that incorporating the disease
duration into treatment decisions may optimize patient outcomes.

Keywords Belimumab, Systemic lupus erythematosus, SELENA-SLEDAI, Disease duration, Early intervention, B cell

therapy

Introduction

Systemic lupus erythematosus (SLE) is a complex auto-
immune disease characterized by the production of
autoantibodies, widespread inflammation, and diverse
clinical manifestations affecting multiple organ systems.
Central to the pathogenesis of SLE is the role of activated
B cells, which not only produce autoantibodies but also
secrete pro-inflammatory cytokines and present anti-
gens to T cells, thereby perpetuating the autoimmune
response [1, 2]. Recent studies have highlighted the criti-
cal involvement of memory B cells in the pathogenesis of
SLE, emphasizing their role in sustaining autoantibody
production and disease flares. The increase in the pro-
portion of double-negative (DN) B cells and the extrafol-
licular B-cell responses has been linked to higher disease
activity and glucocorticoid dependence in SLE patients
[3].

Belimumab (BEL), a fully human monoclonal antibody
targeting B-lymphocyte stimulator (BLyS), has emerged
as a pivotal treatment in the management of SLE. Also
known as BAFF (B-cell activating factor), BLyS plays a
crucial role as a cytokine in the B-cell survival pathway,
enhancing B-cell proliferation and antibody production
[4]. By selectively binding to soluble BLyS, BEL inhibits
its activity, thereby modulating the survival and function
of B cells, particularly impacting the autoreactive clones
[4]. This mechanism supports the use of BEL in the treat-
ment of SLE, with the aim of curbing the aberrant B-cell
activity that is central to the disease pathogenesis.

An early initiation of BEL during the initial phase of
SLE has been suggested to suppress the progression
of this disease [5]. The 2023 European League Against
Rheumatism (EULAR) recommendations further advo-
cate for the early use of biologics, including BEL, to
improve disease control and minimize glucocorticoid
use, underscoring the importance of timely intervention
[6-11]. In particular, in patients with longer disease dura-
tion, changes in B-cell subsets [12] may limit the efficacy
of BEL. Although the efficacy of BEL has been described,
the influence of the duration and severity of SLE on treat-
ment outcomes have not been established.

We thus conducted the present study to (i) clarify the
association between the timing of the introduction of
BEL and the treatment outcomes in patients with SLE

and (if) evaluate the benefits of early intervention with
BEL. By investigating this relationship, we aimed to pro-
vide insights that may help clinicians optimize the timing
of BEL therapy for maximal benefit.

Patients and methods

Patients

Patients diagnosed with SLE based on the 1997 American
College of Rheumatology (ACR) Diagnostic Revision Cri-
teria [13] or the 2012 Systemic Lupus International Col-
laborating Clinics (SLICC) Classification Criteria [14] at
Nagasaki University Hospital or its affiliated hospitals in
Nagasaki Prefecture and who started treatment with BEL
between December 2017 and August 2021 were enrolled.
The patients who were followed up for > 12 months after
the initiation of BEL treatment were included. Some of
the patients provided written informed consent for the
use of their data, and the opt-out strategy was used by the
remainder of the patients. Patients who declined to give
informed consent were excluded. The study was reviewed
and approved by the Medical Ethics Committee of Naga-
saki University Hospital (approval no. 19102116-6).

The evaluation of the patients’ SELENA-SLEDAI scores

over time

We compared the decrease in the patients’ Safety of
Estrogens in Lupus National Assessment-Systemic
Lupus Erythematosus Disease Activity Index (SELENA-
SLEDAI) scores [15] at different time points (3, 6, 9, and
12 months) after the introduction of BEL between two
patient groups categorized based on their disease dura-
tion at the introduction of BEL (<5 years and > 5 years).

Data collection

The patients’ baseline characteristics were collected
at the time of BEL initiation. The demographic data
included the patient’s age at their diagnosis of SLE, age
at BEL initiation, sex, disease duration, and body mass
index (BMI). Clinical characteristics such as comor-
bidities including Sjogren’s syndrome (SS) and antiphos-
pholipid syndrome (APS) were recorded, and disease
manifestations such as rash, alopecia, arthritis, lupus
nephritis (LN), and neuropsychiatric SLE (NPSLE) were
assessed. Laboratory data included complete blood
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counts, i.e., the white blood cell (WBC) count, lympho-
cyte count, hemoglobin, and platelet count. Immunologi-
cal parameters were also measured: complement 3 (C3),
complement 4 (C4), total hemolytic complement (CH50),
immunoglobulin (Ig)G, IgA, IgM, anti-double-stranded
DNA antibody (anti-dsDNA), and anti-Smith (Sm) anti-
bodies. The therapeutic data collected at the time of each
patient’s BEL initiation included the daily dose of gluco-
corticoids (prednisolone-equivalent), the use/non-use
of hydroxychloroquine (HCQ), and immunosuppres-
sive therapies such as tacrolimus (TAC), mycophenolate
mofetil (MMEF), cyclosporine (CyA), mizoribine (MZR),
azathioprine (AZP), and methotrexate (MTX). We also
collected data on organ damage using the Systemic Lupus
International Collaborating Clinics (SLICC) damage
index (SDI) [16] at baseline.

Statistical analyses

The patients’ baseline characteristics are summarized as
the median and interquartile range (IQR) or the num-
ber and percentage. We divided the patients into two
groups based on disease duration: <5 years and > 5 years.
Clinical characteristics were summarized and compared
between these groups with the Wilcoxon signed-rank test
or Fisher’s exact test. We used a mixed-effects model [17]
to compare the primary endpoint, i.e., SELENA-SLEDAI
scores, between the groups at each time point. The model
included the following adjustment variables: age at BEL
initiation, prednisolone (PSL) dose, SELENA-SLEDAI

All registered patients,
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score at BEL initiation, SDI at BEL initiation, hydroxy-
chloroquine (HCQ) use/non-use, and the presence of
LN. Dropouts at any time point were considered miss-
ing data. Although probability (p)-values are reported, no
adjustments were made for multiplicity; caution is thus
needed in interpretations of our findings, and the data
should be considered reference values only. All statistical
analyses were performed using JMP® Prol7.2 software
(SAS Institute, Cary, NC).

Results

Patient characteristics

A total of 97 patients were included in the final analy-
sis (Fig. 1). Of the initially registered 111 patients, one
was excluded due to the absence of a baseline SELENA-
SLEDALI score, and 13 patients were excluded because
they could not be followed up for > 12 months after their
BEL introduction. The demographic and disease-related
features of the 97 patients are summarized in Table 1.
The majority of the patients were female (91.7%). The
median age at the onset of SLE was 24.0 years (IQR 18.2—
34.8 years), the median age at the introduction of BEL
was 41 years (IQR 32-48.5 years), and the median disease
duration of SLE was 150 months (IQR 66.5-268 months).
At the time of BEL initiation, 19 of the 97 patients (19.6%)
had a disease duration <5 years, and the other 78 patients
(80.4%) had a disease duration>5 years. The median
SELENA-SLEDAI score of all 97 patients before the
introduction of BEL was 5.0 (IQR 4.0-9.5). The median

Total recruited,
n=97

Fig. 1 Flow diagram of the study’s patient registration and inclusion

n=111
Excluded:
——— | Absence of Baseline SELENA-SLEDAI score
n=1
Excluded:
> | Absence of | follow-up for at least 12 months
n=13
v
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Table 1 The baseline characteristics of the study’s 97 patients with systemic lupus erythematosus (SLE)
Variable Median IQR Variable Median IQR
Age at diagnosis, yrs 24 (18.2-34.8) CH50, U/mL 30 (21.8-40.1)
Age at BEL introduction, yrs 41 (32-48.5) C3, mg/dL 777 (61.7-92.1)
Female, n (%) 89/97 (91.7) C4, mg/dL 12.7 (84-18.8)
Disease duration, mos 150 (66.5-.268) Sjogren syndrome, n (%) 20/97 (20.6)
BMI 219 (18.9-24.6) APS, n (%) 14/97 (14.4)
Rash, n (%) 39/97 (40.2) Lupus nephiritis, n (%) 41/97 (42.3)
Alopecia, n (%) 32/97 (32.9) Neuropsychiatric SLE, n (%) 12/97 (12.4)
Arthritis, n (%) 49/97 (50.5) SELENA-SLEDAI, points 50 (4.0-9.5)
WBC, /mL 5320 SDI, points 0 (0-1.0)
Lymphocyte count, /mL 1010 (3905-7100) Glucocorticoid, mg/day 7.5 (5.0-12.5)
Hemoglobin, g/dL 12 (639 405) Antimalarial, n (%) 49/97 (50.5)
Platelets, x 10%/mL 227 (10 3.2) Immunosuppressant, n (%) 80/97 (82.5)
Anti-dsDNA, U/mL 136 (176 27.4) TAC, n (%) 61/97 (62.9)
Anti-Sm, n, %* 27/97 (27.8) (3.8-324) MMF, n (%) 18/97 (18.6)
IgG, mg/dL 1390 CyA, n (%) 8/97 (8.2)
IgA, mg/dL 260 (1040-1700) MZR, n (%) 6/97 (6.2)
IgM, mg/dL 73 (185-373) AZP.n (%) 3/97 (3.1)

MTX, n (%) 2/97 (2.1)

AZP Azathioprine, CyA Cyclosporine, IQR Interquartile range, MMF Mycophenolate mofetil, mos. Months, MTX Methotrexate, MZR Mizoribine, SDI Systemic Lupus
International Collaborating Clinics damage index, TAC Tacrolimus, WBC White blood cell

dose of glucocorticoids (prednisolone-equivalent) was
7.5 mg/day (IQR 5.0-12.5), and 49 (50.5%) patients were
treated with the antimalarial hydroxychloroquine (HCQ).
Forty-one (42.2%) patients exhibited LN, and 12 (12.4%)
patients exhibited neuropsychiatric SLE (NPSLE). Of the
41 patients with LN, renal biopsy data from 36 patients
were available, with histological classification includ-
ing 3 cases of class II, 5 of class III, 3 of mixed class III
and V, 11 of class IV, and 14 of class V. Of the 97 enrolled
patients, 14 (14.4%) discontinued BEL: 12 (15.3%) in

the > 5-year group and two (10.5%) in the <5-year group
(Fig. 2). The common reasons for discontinuation of
BEL were adverse events (n="7) and disease progression
(n=4) (Table 2).

We then divided the 97 patients into two groups
based on their disease duration at the introduction of
BEL (<5 years and >5 years) (Table 3). Lupus nephritis
(LN) was significantly more frequent in the later-initia-
tion group (p=0.042), and the SELENA-SLEDAI scores
were significantly lower in the later-initiation group
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Fig. 2 The rates of belimumab (BEL) continuation among the 97 patients with SLE (those with a disease duration <5 years or > 5 years at the time

of belimumab initiation)
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Table 2 Causes of belimumab discontinuation

Cause of discontinuation <5yrs >5yrs
n=19 n=78
Total 2 (10.5%) 12 (15.4%)
Insufficiency 1(5.3%) 3 (3.9%)
Skin rash 1(5.3%) 1(1.3%)
Infections 0 (0.0%) 2 (2.6%)
Dizziness 0 (0.0%) 1(1.3%)
Generalized pruritus 0 (0.0%) 1(1.3%)
Fever 0 (0.0%) 1(1.3%)
Desire for pregnancy 0 (0.0%) 1(1.3%)
Pregnancy 0 (0.0%) 1(1.3%)
Patient’s preference 0 (0.0%) 1(1.3%)

(p=0.047). In addition, the SDI scores were significantly
higher in the later-initiation group (p=0.032), reflecting
more accumulated organ damage in patients with longer
disease duration.

Differences in the decrease in the SELENA-SLEDAI score
between the earlier and later initiations of BEL

Adjusting for the following variables in the mixed-effects
model: age at BEL initiation, PSL dose, SELENA-SLEDAI
score at BEL initiation, SDI at BEL initiation, HCQ use/
non-use, and the presence of LN, the earlier-initiation
group showed significantly greater improvement in
SELENA-SLEDAI scores compared to the later-initiation
group (Fig. 3). The trends in serum complement levels,
anti-dsDNA antibody levels, and PSL dosage are shown
in Supplementary Fig. S1.

Discussion

The results of this study highlight the significant benefits
of initiating BEL treatment within the first 5 years of a
patient’s diagnosis of SLE. Our analyses revealed that the
patients with shorter disease durations achieved greater
improvements in SELENA-SLEDAI scores than those
with longer disease durations. This finding aligns with
emerging evidence suggesting that early intervention
with BEL can modify the disease trajectory more effec-
tively, potentially preventing long-term organ damage
and reducing patients’ reliance on glucocorticoids [5, 18,
19].

The biological rationale behind this observation may
stem from differences in B-cell subpopulations and the
expression of BAFF (B-cell activating factor) recep-
tors across various stages of disease progression [3, 20].
The expression of BAFF receptor decreases as B cells
differentiate, with memory B cells and switched mem-
ory B cells exhibiting significantly lower receptor lev-
els [12]. In patients with prolonged disease durations,
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the predominance of these memory B cells may reduce
the efficacy of BEL, which primarily targets immature
and autoreactive B cells by inhibiting BAFF signaling.
This hypothesis is supported by a report indicating that
patients with longer disease durations have higher counts
of memory/switched memory B cells [21]. Consequently,
the limited action of BEL on these mature B-cell popu-
lations might explain the attenuated response in long-
standing SLE cases, implying that in patients with a
longer disease duration, the accumulations of memory B
cells and DN B cells may limit the efficacy of BLyS inhi-
bition. This suggests that new treatment strategies may
be necessary to achieve optimal disease control in these
patients, such as a dual inhibition of BLyS and APRIL
(a proliferation-inducing ligand; also known as tumor
necrosis factor ligand superfamily member 13’), CD20-
targeting therapies, or combination approaches with chi-
meric antigen receptor (CAR)-T cell therapies [22].
Shorter disease duration has been associated with
higher response rates to BEL. A study of an Italian cohort
observed that patients with a disease duration<2 years
had significantly greater improvement at 6 months and
24 months [5]. This finding suggested that initiating BEL
within 2 years of the SLE diagnosis may enhance the like-
lihood of achieving favorable outcomes, supporting the
importance of early biologic intervention. Consistent
with this, a recent Chinese study further demonstrated
the clinical benefits of very early BEL initiation—specifi-
cally within 6 months of disease onset [23]. In that study,
patients receiving BEL in the early phase of SLE showed
a significantly higher rate of achieving lupus low disease
activity status (LLDAS) at Week 24, along with more
frequent glucocorticoid tapering and improved patient-
reported outcomes compared to those receiving stand-
ard care alone. Notably, even among patients with lupus
nephritis, nearly half achieved complete renal response
within 24 weeks. These findings reinforce the importance
of timely BEL initiation to optimize clinical outcomes.
In parallel, real-world data from the United States also
support early introduction of BEL, showing that patients
who began BEL prior to immunosuppressant use had
lower flare rates, shorter glucocorticoid use duration,
and delayed onset of organ damage compared to those
who received BEL after immunosuppressants [24]. These
benefits were evident regardless of baseline SLE severity,
highlighting the broader applicability of early BEL inter-
vention in diverse clinical settings. Together, these inter-
national studies corroborate our findings in the present
Japanese cohort, where early BEL use was associated with
better outcomes, thereby validating the clinical value of
prompt BEL initiation across multiple populations.
Following the similar results observed in the Ital-
ian cohort, our present Japanese cohort demonstrated
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ASELENA-SLEDAI
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Adjusted for age, PSL dose, SELENA-SLEDAI, SDI, HCQ use, and

presence of LN at the time of BEL initiation
Fig. 3 Changes in the patients' SELENA-SLEDAI scores after the introduction of belimumab (BEL) treatment in patients with different durations
of SLE. The reduction in SELENA-SLEDAI scores at 3, 6,9, and 12 months in the two groups (disease duration <5 years and > 5 years at the time
of belimumab introduction) was compared using a mixed-effects model included the following adjustment variables: age at BEL initiation,
prednisone (PSL) dose, SELENA-SLEDAI score at BEL initiation, Systemic Lupus International Collaborating Clinics damage index (SDI) at BEL
initiation, hydroxychloroquine (HCQ) use/non-use, and the presence of lupus nephritis (LN). Error bar: standard deviation. **p < 0.01

comparable findings, further validating the benefits of
early BEL initiation in diverse populations. An investi-
gation with sub-analyses of patient cohorts with joint
and skin involvement indicated that 17% of the patients
with joint symptoms and 18.5% of those with skin
symptoms had a disease duration <2 years at baseline
[18]. While the direct relationship between disease
duration and treatment efficacy was not the primary
focus of that investigation, the results emphasize the
potential advantages of early BEL introduction.

This disparity in response underscores the impor-
tance of targeting B cell-driven autoimmunity at an
earlier, more reversible stage of SLE. In the early phase
of the disease, autoreactive B cells are more likely to be
naive or transitional, making them susceptible to BAFF
inhibition. In contrast, as SLE progresses, the immune
system becomes increasingly dominated by antigen-
experienced memory B cells, which are less dependent
on BAFF for survival [12, 22]. This shift in B-cell sub-
populations may diminish the capacity of BEL to exert
its therapeutic effects, highlighting the necessity of
early treatment initiation.

Data from clinical trials and real-world studies indi-
cate that early BEL introduction not only enhances
disease control but also mitigates organ damage by
curtailing inflammation and flare frequency [5, 18].
Reduced glucocorticoid exposure through early bio-
logic use is a key factor in minimizing long-term com-
plications, reinforcing the value of prompt intervention.

One of the key strengths of the present study lies in its
comprehensive analysis of patients across different dis-
ease stages, providing insights into the benefits of early
BEL initiation. By incorporating data from a real-world
setting, our findings reflect practical clinical outcomes
and contribute to the growing body of evidence support-
ing BEL's use beyond controlled trial environments. Our
findings also emphasize the importance of integrating
disease duration as a critical factor in treatment planning,
which may influence future guidelines and therapeutic
approaches. Another notable strength of this study is the
long-term follow-up period, which allowed us to capture
sustained responses and assess the durability of BEL effi-
cacy over time. This extended observation period helps
address the gaps in previous studies that focused primar-
ily on short-term outcomes. Our inclusion of patients
with varying levels of immunosuppressant exposure
(i.e., immunosuppressant-naive and previously treated
patients) enhances the generalizability of our findings to
broader patient populations, offering valuable insights
into BEL's role as a first-line biological option.

Despite these strengths, several study limitations
must be acknowledged. This retrospective study intro-
duced potential biases in patient selection and data
collection. Prospective studies, such as multicenter
observational cohorts, could provide further valida-
tion of our findings while addressing the inherent
limitations of a retrospective design. The absence of
a priori sample size calculation may have reduced the
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statistical power to detect subtle effects and limited
the generalizability of the findings. The sample size
for the patients with shorter disease durations (n=19)
was much smaller than that of the long-standing SLE
patients (n=78), potentially affecting the statistical
power of our findings. Detailed information on the
clinical manifestations that led to the initiation of Beli-
mumab was not consistently available in the medical
records, which limited our ability to analyze treat-
ment indications in depth. Similarly, data on the clini-
cal activity of lupus nephritis at the time of treatment
initiation were not systematically collected, making
it difficult to assess the relationship between disease
activity and treatment response. Additionally, while we
accounted for various confounding factors, the influ-
ence of unmeasured variables such as genetic predis-
position or environmental triggers cannot be ruled
out. Future prospective studies with standardized data
collection and predefined power analyses are war-
ranted to validate our results.

Further considerations include varying treatment
protocols across institutions and the recent approval of
hydroxychloroquine (HCQ) for the treatment of SLE in
Japan, which could influence evaluations of the advan-
tages of early BEL treatment. As HCQ becomes more
widely used, its combination with BEL in early-stage
SLE patients may yield different therapeutic outcomes,
necessitating updated analyses that reflect these evolv-
ing treatment landscapes.

Another limitation of this study is its reliance on
SELENA-SLEDALI as the primary measure of disease
activity. While widely used, the SELENA-SLEDAI may
not fully capture subtle clinical improvements or spe-
cific organ involvement that could influence treatment
responses. Incorporating additional indices such as
the Cutaneous Lupus Erythematosus Disease Area and
Severity Index (CLASI) [25] or musculoskeletal assess-
ments may provide a more comprehensive evaluation of
BEL'’s efficacy. The relatively low baseline SLEDAI val-
ues in many of the patients may indicate milder disease
activity or well-controlled disease at the time of Beli-
mumab initiation. This reduces the ability to generalize
our findings to patients with high disease activity, and
future studies should include patients with a broader
range of disease severities to better assess the efficacy
of Belimumab in more active disease states.

Lastly, our study population was drawn from a lim-
ited geographical region, which may restrict the appli-
cability of the results to other clinical settings. Future
studies should aim to validate these findings through
larger, multicenter cohorts to ensure broader relevance
and strengthen the evidence supporting early BEL
intervention.
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Conclusions

This study suggests that initiating BEL treatment dur-
ing the early phase of SLE may be associated with
improved disease control, greater reductions in gluco-
corticoid use, and potentially lower long-term organ
damage. These findings are consistent with the 2023
EULAR recommendations [6], highlighting the impor-
tance of early biologic therapy in optimizing SLE treat-
ment outcomes. Targeting B-cell activation during the
initial stages of SLE may enhance the therapeutic effi-
cacy and improve long-term prognoses. However, given
the retrospective and observational nature of this study,
along with the possibility of confounding by indication,
our results should be interpreted with caution. Further
prospective and larger multicenter studies are essential
to confirm our findings and refine treatment strategies
for diverse patient populations.
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