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Organ damage is a key determinant of poor long-term prognosis and early death in patients with sys-
temic lupus erythematosus (SLE). Prevention of damage is a key treatment goal of the 2019 update of the
European Alliance of Associations for Rheumatology (EULAR) recommendations for SLE management.
Belimumab is a monoclonal antibody that inhibits B lymphocyte stimulator (BLyS) and is the only therapy
approved for both SLE and lupus nephritis. Here, we review the clinical trial and real-world data on the
effects of belimumab on organ damage in adult patients with SLE. Across 4 phase III studies, belimumab
in combination with background SLE therapy demonstrated consistent reductions in key drivers of organ
damage including disease activity, risk of new severe flares, and glucocorticoid exposure compared to
background therapy alone. Long-term belimumab use in SLE also reduced organ damage progression
measured by the Systemic Lupus International Collaborating Clinics/American College of Rheumatology
Damage Index, as reported in open-label extension studies, and propensity score–matched comparative
analyses to background therapy alone. Results from a clinical trial showed that in patients with active lupus
nephritis, belimumab treatment improved renal response, reduced the risk of renal-related events, and
impacted features related to kidney damage progression compared to background therapy alone. The
decrease of organ damage accumulation observed with belimumab treatment in SLE, including lupus
nephritis, suggest a disease-modifying effect.

Introduction

Within 10 years, over half of patients diagnosed as having

systemic lupus erythematosus (SLE) develop organ damage

(1), of which 30–50% is reported in the first 5 years (2,3). Dam-

age accumulates over time, affecting multiple organ systems

(1,4,5), resulting in significant morbidity (6–8) and mortality (1).

Cardiovascular, neuropsychiatric, musculoskeletal, and renal

systems are most frequently affected, with steady accumulation

over 10–15 years (5,9,10). Other organs commonly affected

include pulmonary, ocular, skin, and the peripheral vascular

system. Damage in the gastrointestinal system, diabetes melli-

tus, gonadal failure, and malignancies are less frequent

(5,9,10). Organ damage impacts health-related quality of life

(HRQoL) (11), and 10-year cumulative health care costs are up

to 9-fold higher in patients with organ damage than in those with

no damage (4,12).

Supported by GSK.
1Murray B. Urowitz, MD, FRCPC: Toronto Western Hospital, Toronto, Ontario,

Canada; 2Cynthia Aranow,MD: Feinstein Institutes forMedical Research,Manhas-
set, New York; 3Yumi Asukai, MSc, Deven Chauhan, BPharm,MSc: GSK, Brentford,
UK; 4DamonL. Bass, DO,NormaLynn Fox, PhD,MPH, AnneHammer, BSPH, Tania
Gonzalez-Rivera, MD, Roger A. Levy, MD, PhD, David A. Roth, MD: GSK, College-
ville, Pennsylvania; 5Ian N. Bruce, MD, FRCP: The University of Manchester and
NIHR Manchester Biomedical Research Centre, Manchester University Hospitals
NHS Foundation Trust,Manchester Academic Health Science Centre,Manchester,
UK; 6Maria Dall’Era, MD: University of California San Francisco School of Medicine;
7Richard Furie, MD: Northwell Health, Great Neck, New York; 8Jennifer A. Gilbride,
MSc: GSK, Stevenage, Hertfordshire, UK; 9EllenM. Ginzler, MD,MPH: State Univer-
sity of New York Downstate Health Sciences University, Brooklyn, New York;
10Joan T. Merrill, MD: Oklahoma Medical Research Foundation, Oklahoma City;

11Holly Quasny, PharmD: GSK, Research Triangle Park, North Carolina; 12William
Stohl, MD, PhD: University of Southern California Keck School of Medicine, Los
Angeles; 13Ronald van Vollenhoven, MD, PhD: Amsterdam Rheumatology and
Immunology Center, VU University Medical Center, Amsterdam, The
Netherlands; 14Daniel J. Wallace, MD, FACP, MACR: Cedars-Sinai Medical Center,
Los Angeles, California, and University of California, Los Angeles; 15Michelle Petri,
MDMPH: Johns Hopkins University School of Medicine, Baltimore, Maryland.

Author disclosures are available at https://onlinelibrary.wiley.com/action/
downloadSupplement?doi=10.1002%2Facr.24901&file=acr24901-sup-0001-
Disclosureform.pdf.

Address correspondence to Michelle Petri, MD, MPH, 1830 East Monu-
ment Street, Suite 7500, Baltimore, MD 21205. Email: mpetri@jhmi.edu.

Submitted for publication October 29, 2021; accepted in revised form
April 14, 2022.

1822

Arthritis Care & Research
Vol. 74, No. 11, November 2022, pp 1822–1828
DOI 10.1002/acr.24901
© 2022 The Authors. Arthritis Care & Research published by Wiley Periodicals LLC on behalf of American College of Rheumatology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://orcid.org/0000-0001-7506-9166
https://orcid.org/0000-0002-4514-2382
https://orcid.org/0000-0002-8272-7873
https://orcid.org/0000-0002-2502-1372
https://orcid.org/0000-0003-1441-5373
https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1002%2Facr.24901&#x00026;file=acr24901-sup-0001-Disclosureform.pdf
https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1002%2Facr.24901&#x00026;file=acr24901-sup-0001-Disclosureform.pdf
https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1002%2Facr.24901&#x00026;file=acr24901-sup-0001-Disclosureform.pdf
mailto:mpetri@jhmi.edu
http://creativecommons.org/licenses/by-nc/4.0/


Key drivers of organ damage

Factors associated with organ damage include Black African
ancestry or Hispanic race (13,14), older age, male sex, preexisting
organ damage, exposure to glucocorticoids and/or other SLE
therapies, severe flares, persistent disease activity, dyslipidemia,
hypertension, and active/past nephritis (4,13,15). Up to 80% of
organ damage is attributable to glucocorticoid use (16), and a
clear dose-dependent relationship has been observed (17).

Assessing organ damage progression

Prevention of damage is a key treatment goal of the
European Alliance of Associations for Rheumatology (EULAR)
recommendations for SLE and lupus nephritis management
(18,19), highlighting the importance of evaluating the effects of
treatment, not only on disease activity, but also directly on the risk
of organ damage accrual (14). The Systemic Lupus International
Collaborating Clinics (SLICC)/American College of Rheumatology
(ACR) Damage Index (SDI) is a validated measure that assesses
cumulative damage across multiple organs, regardless of cause
(Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24901) (13,14). The SDI defines organ damage as irreversible
tissue injury occurring after SLE diagnosis; to distinguish from dis-
ease activity, most features must persist for ≥6 months, although
some items are scored immediately (e.g., stroke or avascular
necrosis) (4,13,15). The SDI has shown both reliability (20) and
validity (21) in the real world and as an end point in clinical trials
(22–24). The SLICC, Lupus Foundation of America, and ACR are
developing a revised SDI to reflect shifts in the concept of dam-
age. It is intended that the revised SDI will primarily be used as a
research tool in clinical trials (25).

Impact of belimumab on organ damage in SLE

Abundant data are available on belimumab’s efficacy, tolera-
bility, and real-world effectiveness for SLE, including lupus nephri-
tis (26). We conducted a literature search (Supplementary Material,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24901)
to identify data on the effects of belimumab in adult patients with
SLE, focusing on end points relevant to organ damage.

Clinical trials of belimumab

Phase 2 open-label extension study. In an open-label
extension of the phase II GSK study LBSL02/LBSL99;
BEL112626; ClinicalTrials.gov identifier: NCT00583362 [27]),
patients with SLE received belimumab for ≤12 years, with a
median duration of exposure of 3,334 days (range 260–
4,332 days) and total belimumab exposure of 2,294 patient-
years. SDI data were not collected prospectively; however,

improvements in drivers of organ damage, including decreased
disease activity (Supplementary Figure 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24901) and reductions in flares and glucocorticoid
exposure, were observed throughout the study. Despite the limi-
tations of an open-label study, these findings suggested potential
benefits of belimumab for organ damage progression.

Phase III randomized controlled trials (RCTs). The
global phase III BLISS-52 (n = 867; GSK study BEL110752;
ClinicalTrials.gov identifier: NCT00424476 [28]), BLISS-76
(n = 819; GSK study BEL110751; ClinicalTrials.gov identifier:
NCT00410384 [29]), BLISS-NEA (n = 677; GSK study
BEL113750; ClinicalTrials.gov identifier: NCT01345253 [30]),
and BLISS-SC (n = 836; GSK study BEL112341;
ClinicalTrials.gov identifier: NCT01484496 [31]) RCTs investi-
gated the effects of intravenous (IV) or subcutaneous
(SC) belimumab added to background therapy in adults with
SLE. Across all 4 studies, statistically significant reductions in Sys-
temic Lupus Erythematosus Responder Index 4 (SRI-4) scores
were observed with belimumab versus background therapy alone
(Figure 1). This was accompanied by decreased risks of severe
flares in all but the BLISS-76 study. There were also trends toward
reduced glucocorticoid use, reaching statistical significance in the
BLISS-NEA trial. The glucocorticoid-sparing properties of belimu-
mab were confirmed in a post hoc pooled analysis combining
BLISS-52 and BLISS-76 data, which found that belimumab treat-
ment was associated with fewer glucocorticoid dose increases
and more dose decreases versus background therapy alone (32).

The EMBRACE phase III/IV study (GSK study BEL115471;
ClinicalTrials.gov identifier: NCT1632241 [33]), a post-approval
commitment RCT in patients of Black African ancestry with SLE
(n = 503), demonstrated similar trends in disease activity with beli-
mumab versus placebo as the 4 above-mentioned trials
(Figure 1). Although the primary end point of a modified SRI-4
score was not met, significant improvements with belimumab ver-
sus placebo were observed in patients with high disease activity.

Phase III long-term, open-label extension studies.
Several long-term open-label extension studies of the belimumab
RCTs have been conducted, which included evaluation of organ
damage progression. All participants received belimumab added to
background therapy irrespective of the assigned treatment in the
52-week, double-blind phase of the original studies.

The multicenter, long-term extension studies BEL112233
(ClinicalTrials.gov identifier: NCT00724867 [22,34]) and BEL112234
(ClinicalTrials.gov identifier: NCT00712933 [23,35]), which were
pooled in study GSK201223 (34,36,37), enabled patients from the
BLISS-52 and BLISS-76 studies to continue receiving open-label IV
belimumab plus background therapy over 8 years of follow-up. Organ
damage was evaluated every 48 weeks using the SDI. At year
7, 69.8% (88 of 126) and 86.9% (185 of 213) of patients receiving
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long-term IV belimumab treatment had no changes (index of <1) in
SDI scores (mean ± SD change of 0.4 ± 0.68 and 0.2 ± 0.45 from
baseline SDI scores of 1.2 ± 1.51 and 0.6 ± 1.02) (Supplementary
Figure 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24901) (22,23,34,35).
Similarly, among patients with high disease activity (anti–double-
stranded DNA positivity [≥30 IU/ml] and either low C3 [<0.9 gm/
liter] or C4 [<0.16 gm/liter] levels) at baseline receiving long-term
treatment with IV belimumab, 75.5% (n = 37 of 49) and 86.4%
(n = 89 of 103) had no changes in SDI scores by year 7 (mean
± SD change 0.3 ± 0.54 and 0.2 ± 0.41 from the baseline index
scores of 0.7 ± 1.26 and 0.6 ± 0.95) (Supplementary Figure 2)
(22,23,34,35). Values were similar for year 8, but with fewer
patients (22,23,34,35).

GSK201223, a pooled interim analysis of the BEL112233
and BEL112234 studies from 5 to 6 years follow-up, allowed
insight across a wider data sample. At years 5–6, 85.1% of
patients (n = 343 of 403) receiving belimumab had no change
in SDI score compared to baseline (Figure 2A and Supplemen-
tary Table 2, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24901) (34).
Patients without organ damage at baseline were more likely to
remain free of organ damage progression than those with organ
damage at baseline (Figure 2B) (36). The effect of IV belimumab
on organ damage was similar among patients at years 5–6,
irrespective of differences in baseline disease activity, proteinuria
status (Figures 2C and D), background medication or presence
of high disease activity at baseline (Supplementary Figures 3A
and B, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24901) (34,36).

Study BEL114333 (ClinicalTrials.gov identifier: NCT01597622)
was carried out in Japanese and South Korean populations (24)
and is a 7-year open-label study of IV belimumab in 142 Japanese
and South Korean patients with SLE, recruited from BLISS-NEA
(BEL113750) and BLISS-SC (BEL112341; patients in Japan only).

Over 7 years, there was little change in SDI score from baseline; ≤4
patients from BEL113750 and ≤2 patients from BEL112341 had
organ damage that had worsened (change of >0) compared to
baseline (Supplementary Table 2).

Real-world evidence of belimumab

Effect of belimumab versus background therapy on
organ damage outcomes in SLE (study 206347). To over-
come some of the limitations of clinical and open-label extension
studies, propensity score matching (described in the Supple-
mentary Materials, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24901)
was used to evaluate the impact of belimumab versus back-
ground therapy on organ damage. Study 206347 was a post
hoc 5-year longitudinal analysis that compared organ damage
outcomes in a cohort of patients receiving belimumab therapy in
the BEL112233 study to a separate cohort of patients who
had SLE treated with background therapy only (The Toronto
Lupus Cohort [TLC]), using propensity score matching (Supple-
mentary Figure 4, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24901). Of
567 patients (belimumab cohort [n = 195] and TLC [n = 372]),
99 from each cohort were propensity score–matched at a ratio
of 1:1 in this analysis. Over the 5-year period, patients receiving
belimumab plus background therapy had a smaller change in
SDI score than those receiving background therapy only, with an
SDI score of –0.434 (95% confidence interval [95% CI] −0.667,
−0.201; P < 0.001). Of the patients with an SDI score increase of
≥1, those treated with belimumab had a 5-fold lower likelihood of
experiencing a ≥2-point increase in SDI score (6.1% [2 of 33]) than
those treated with background therapy only (30.6% [22 of 72];
P = 0.006). Belimumab treatment was also associated with a
61% reduction in the risk of progressing to a higher SDI score over
any given year of follow-up compared to background therapy

Figure 1. Systemic Lupus Erythematosus Responder Index 4 (SRI-4) response at 52 weeks in the belimumab systemic lupus erythematosus
(SLE) randomized controlled trials (28–31,33,44–47). The EMBRACE study (asterisk) used the SRI–SLE Disease Activity Index 2000 response,
which has modified proteinuria scoring. 95% CI = 95% confidence interval; IV = intravenous; OR = odds ratio; SC = subcutaneous.
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(Figure 3), with a hazard ratio (HR) of 0.391 (95% CI 0.253, 0.605;
P < 0.001) (38).

Another post hoc longitudinal analysis of 5-year data from
study BEL112234, which enrolled US and non-US patients
(592 subjects from the belimumab cohort and 381 subjects from
the TLC study, with 181 subjects selected from each cohort after
propensity score matching using the same covariates as study
206347), replicated the above findings, with a difference in
5-year SDI score change of −0.453 (95% CI −0.646, −0.260;
P < 0.001) and a 60% risk reduction of progressing to a higher
SDI score over any given year of follow-up for belimumab plus
background therapy versus background therapy alone
(HR 0.397 [95% CI 0.275, 0.572]; P < 0.001) (39).

BeRLiSS: a real-world cohort study of Italy (40).
BeRLiSS was a retrospective study of 466 patients with active SLE
who received IV belimumab plus background therapy (median
follow-up of 18 months [range 1–60 months]). SDI score was
assessed yearly, and 309 patients had available organ damage data.
Across 7,983 person-months, ~90% of belimumab-receiving
patients remained free of new organ damage events, with 36 new

events observed in 29 patients (9.4%) and a rate of 0.54 events per
10 person-years. Patients without baseline organ damage (SDI
score of 0) remained free of damage progression for up to 3 years
after belimumab initiation, with mean ± SD SDI scores of 0.02
± 0.14 (P = 0.083), 0.05 ± 0.28 (P = 0.182), and 0.10 ± 0.38
(P = 0.103) versus baseline for years 1, 2, and 3, respectively. In a
multivariate model, following belimumab treatment, achievement of
low disease activity for ≥50% of the follow-up period was associated
with significantly less organ damage (odds ratio 0.442 [95% CI
0.199, 0.983]; P = 0.045), while baseline organ damage (SDI score
of≥1)was an independent predictor of further damage accumulation
(odds ratio 3.22 [95% CI 1.25, 8.33]; P = 0.016). Patients treated
with belimumab who were in remission for ≥25% of follow-up or
had low disease activity for ≥50% of follow-up had less damage
accumulation than those who did not achieve either outcome (40).

Impact of belimumab on organ damage in lupus
nephritis

The BLISS-LN study (GSK study BEL114054; ClinicalTrials.
gov identifier: NCT01639339) was a phase III RCT that evaluated

Figure 2. Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index (SDI) response in patients
receiving intravenous belimumab therapy from a pooled interim analysis of BLISS-52 and BLISS-76 long-term extension studies (BEL112233
and BEL112234), overall at study years 5–6 (A), and stratified by baseline SDI score (B), disease activity at study years 5–6 (C), and proteinuria sta-
tus at study years 5–6 (D) (34,36,37). SELENA–SLEDAI = Safety of Estrogens in Lupus Erythematosus National Assessment–SLE Disease Activity
Index. Panel (B) reproduced, with permission, from ref. 36.
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the efficacy and safety of IV belimumab versus placebo, both
added to background induction and maintenance therapy, on
renal outcomes for up to 104 weeks in patients with active lupus
nephritis (n = 448). Belimumab reduced the risk of a renal-related
event or death by ~50% compared to placebo (41).

In a post hoc analysis of the BLISS-LN study, therapy with
belimumab reduced the risk of a 30% decline (HR 0.47 [95% CI
0.27, 0.83]) or 40% decline (HR 0.35 [95% CI 0.17, 0.74]) in esti-
mated glomerular filtration rate (eGFR) and also reduced the risk
of a lupus nephritis flare from week 24 by 55% (HR 0.45 [95% CI
0.28, 0.72]) compared to placebo (42).

Conclusions

Organ damage was assessed using the SDI in patients with
SLE across the 5 phase III RCTs—BLISS-52 (28), BLISS-76
(29), BLISS-NEA (30), BLISS-SC (31), and EMBRACE (33)—with
no difference between treatment groups (Supplementary
Table 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24901). However,
clinical trials of 1 year are too short to detect changes in the SDI,
and therefore, longer studies are necessary. Nevertheless, as with
the LBSL02/LBSL99 study, the BLISS RCTs demonstrated
improvements from baseline to week 52 in known drivers of organ
damage in patients with SLE. The level of damage progression
was lower in the phase III long-term, open-label extension studies
(studies BEL112233 [22,34] and BEL112234 [23,35]) than
expected from observational cohorts; this could, in part, be

explained by different baseline disease characteristics such as
nephritis or central nervous system disease (36).

Limitations of open-label extension studies include the
absence of a control group and patient selection bias. Random-
ized, double-blind, placebo-controlled studies over a sufficiently
long period (≥5 years of follow-up) would be the gold standard
for directly assessing the effects of an SLE therapy on organ dam-
age progression via the SDI. However, such studies pose signifi-
cant ethical challenges (long-term exposure to placebo
treatment) and feasibility challenges (maintaining patient participa-
tion enrolled in long-term trials). Long-term comparison studies
are feasible using propensity score matching, which is a valid
and established methodology. Propensity score matching studies
showed that use of belimumab was associated with a smaller
increase in SDI over 5 years compared to background therapy
alone, supporting the beneficial effect of belimumab therapy on
organ damage progression in patients with SLE (38,39).

For assessment of organ damage, eGFR (one component of
the BLISS-LN composite primary end point [primary efficacy renal
response]) has been reported as an acceptable surrogate end
point for kidney disease progression by European and US regula-
tory authorities. Specifically, a decline of >30% in eGFR or a
reduction in eGFR slope of 0.5–1.0 ml/minute/1.73 m2 over a total
of 2–3 years are recommended thresholds for defining chronic
kidney disease progression in phase III RCTs of SLE/lupus nephri-
tis (43). The reduction in risk of a renal-related event and/or death
and renal flare, and less decline in eGFR, with belimumab versus
background therapy alone in the post hoc analysis of BLISS-LN

Figure 3. Post hoc longitudinal propensity score matching comparative analysis of time to organ damage progression. Years are 48 weeks in
length (asterisk). 95% CI = 95% confidence interval; KM = Kaplan-Meier curve; SoC = standard of care. Reproduced, with permission, from ref. 38.
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study suggests beneficial effects of belimumab on organ damage
progression in patients with active lupus nephritis.

Accumulated data from a range of studies demonstrate that
belimumab reduces key drivers of organ damage including
disease activity, severe flares, and glucocorticoid exposure. Long-
term open-label extension and propensity score matching analysis
studies of patients with SLE treated with belimumab have demon-
strated decreased organ damage progression using the SDI. In
patients with active lupus nephritis, a decrease in renal-related
events and less decline in eGFR was seen with belimumab treat-
ment versus background therapy alone. These observed impacts
of belimumab on organ damage imply a disease-modifying effect
on SLE, including lupus nephritis, suggesting potential benefits of
belimumab treatment earlier in the disease course.
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