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ABSTRACT 

Background. Data on belimumab efficacy in patients with lupus nephritis (LN) according to diagnosis duration or induction therapy 
are limited. Post hoc analyses of the phase 3, randomized, double-blind BLISS-LN study (GSK BEL114054; NCT01639339) were performed 
to assess belimumab efficacy on kidney-related outcomes in newly diagnosed and relapsed LN subgroups and according to the use 
of glucocorticoid (GC) pulses at induction. 

Methods. BLISS-LN randomized 448 patients with active LN to monthly intravenous belimumab 10 mg/kg or placebo plus standard 
therapy. Post hoc analyses assessed primary efficacy renal response (PERR) and complete renal response (CRR) at week 104, time 
to kidney-related event or death and time to first LN flare from week 24 in newly diagnosed and relapsed patients and patients 
with/without GC pulses at induction. 

Results. A greater proportion of patients achieved a PERR with belimumab versus placebo in the newly diagnosed {69/148 [46.6%] 
versus 55/148 [37.2%]; odds ratio [OR] 1.36 [95% confidence interval (CI) 0.85–2.20]} and relapsed [27/75 (36.0%) versus 17/75 (22.7%); OR 
2.31 (95% CI 1.07–5.01)] subgroups. Similarly for CRR [newly diagnosed: 50/148 (33.8%) versus 36/148 (24.3%); OR 1.49 (95% CI 0.88–2.51) 
and relapsed: 17/75 (22.7%) versus 8/75 (10.7%); OR 3.11 (95% CI 1.16–8.31)]. The probability of kidney-related event or death, or LN flare 
was lower with belimumab versus placebo in both subgroups. Belimumab was associated with improved kidney outcomes versus 
placebo with or without GC pulses at induction. 

Conclusion. Data suggest consistent benefits of belimumab on kidney outcomes for newly diagnosed and relapsed patients, and 
irrespective of GC pulses at induction. 
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GRAPHICAL ABSTRACT 

KEY LEARNING POINTS 

What was known: 

• Lupus nephritis (LN) is the most common serious manifestation of systemic lupus erythematosus (SLE), affecting ≈40% of 
patients with SLE.

• The phase 3 BLISS-LN study (GSK study BEL114054; NCT01639339) demonstrated that addition of intravenous 
belimumab to standard therapy improved kidney outcomes in patients with active LN.

This study adds: 

• Belimumab plus standard therapy improved kidney outcomes compared with placebo plus standard therapy, regardless of 
whether patients had newly diagnosed or relapsed LN.

• Compared with placebo plus standard therapy, belimumab plus standard therapy improved kidney outcomes irrespective of 
glucocorticoid (GC) pulse administration during induction.

Potential impact: 

• These data support the use of belimumab in clinical practice for all patients with LN, whether newly diagnosed or relapsed.
• The benefit of belimumab was evident with or without the concomitant use of GC pulses during the induction treatment regimen.

I
L  

e  

t  

t  

t  

h
 

s  

t  

o  

e  

N  

w  

t  

1

m  
NTRODUCTION 

upus nephritis (LN) is a serious manifestation of systemic lupus
rythematosus (SLE) and a major cause of morbidity and mor-
ality [ 1 , 2 ]. LN occurs in ≈40% of patients with SLE [ 1 ]; however,
he prevalence and incidence can vary depending on the popula-
ion and whether LN is assessed via clinical criteria alone or using
istopathological findings [ 2 ]. 
To preserve kidney function, LN requires rapid and sustained

uppression of SLE disease activity [ 2 ]. A modest proportion of pa-
ients with LN achieve a complete renal response after 12 months
f treatment [ 3 , 4 ], while studies have shown 13–37% of patients
xperienced renal flare within 3–5 years of standard therapy [ 5 , 6 ].
ovel treatments are a medical necessity, as the risk of patients
ith LN progressing to end-stage kidney disease (ESKD) is no-
able; ≈44% of patients with class IV LN progress to ESKD within
5 years [ 7 ]. 
Belimumab is a recombinant human immunoglobulin G1 λ
onoclonal antibody that binds to the soluble B lymphocyte
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stimulator protein [ 8 ]. Based on clinical trials that demon-
strated favourable safety and efficacy, belimumab is approved in
numerous countries, including the USA, for the treatment of pa-
tients ≥5 years of age with active autoantibody-positive SLE [ 9 –13 ]
and for adults with active LN who are receiving standard therapy
[ 14 ]. Belimumab has also recently been approved in the USA for
the treatment of paediatric patients with active LN receiving stan-
dard therapy [ 15 ]. 

The phase 3 BLISS-LN study (GSK study BEL114054;
NCT01639339), which enrolled patients with both de novo
and relapsed LN, demonstrated that addition of intravenous (IV)
belimumab to standard therapy improved kidney outcomes in
patients with active LN [ 14 ]. A post hoc analysis of the BLISS-LN
study further established the benefits of belimumab in patients
with LN, with patients receiving belimumab plus standard ther-
apy having a reduced risk over time of an LN flare and better
preservation of kidney function compared with patients receiving
placebo plus standard therapy [ 16 ]. 

Relapse has been shown to be a predictor of progression to
ESKD in children with LN [ 17 ]. Thus, newly diagnosed and relapsed
patients might have discordant responses to belimumab due to
differing proteinuria levels, stage of chronic kidney disease, im-
munosenescence, T-cell exhaustion or otherwise altered immune
pathways. Although data are limited regarding clinical differences
between patients with newly diagnosed versus relapsed LN, a re-
cent study showed that patients with newly diagnosed SLE were
more likely to have new-onset hypertension than patients with
relapsed SLE [ 18 ]. 

Guidelines recommend minimization of glucocorticoids (GCs)
owing to the possible detrimental effects associated with high
corticosteroid use, including organ damage accrual [ 19 –22 ]. The
BLISS-LN study included optional administration of high-dose GC
pulses as part of standard therapy during induction therapy for
LN [ 14 ]. 

The aims of these post hoc subgroup analyses of the BLISS-LN
trial were to compare the efficacy of belimumab with placebo on
kidney outcomes in newly diagnosed and relapsed patients with
LN who received standard therapy. In addition, the effect of beli-
mumab versus placebo, as an add-on to standard therapy, on kid-
ney outcomes was assessed in patients with or without GC pulses
received during induction therapy. 

MATERIALS AND METHODS 

Study design 

BLISS-LN was a phase 3, randomized, double-blind, placebo-
controlled, 104-week study (GSK study BEL114054; NCT01639339)
that evaluated the efficacy and safety of belimumab 10 mg/kg IV
plus standard therapy in adult patients with active LN. Full de-
tails of the study methods have been published previously [ 14 ].
The trial was performed in accordance with the principles of the
Declaration of Helsinki, all the trial sites received approval from
ethics committees or institutional review boards and written in-
formed consent was obtained from all patients. 

Patients 
The eligibility criteria for the BLISS-LN study are summarized in
Supplementary Fig. 1 . Patients excluded from the study included
those who had previously failed both cyclophosphamide (CYC)
and mycophenolate mofetil (MMF) induction therapies based on
the investigator’s opinion and those with an estimated glomerular
filtration rate (eGFR) < 30 ml/min/1.73 m 

2 at screening. 
Treatments 
Patients were randomized 1:1 to receive belimumab 10 mg/kg 
IV or placebo plus standard therapy (details appear in 
Supplementary Fig. 1 ). Of note, standard therapy included 
induction therapy with either CYC or MMF plus high-dose oral 
GCs, with optional administration of high-dose GC pulses (up 
to three IV pulses of methylprednisolone 500–1000 mg each) 
during induction. All patients received oral prednisone (0.5–
1.0 mg/kg/day, total daily dose ≤60 mg/day). By week 24, GCs were
required to be at a prednisone equivalent dose of ≤10 mg/day or
the patient was considered a treatment failure. Study treatment 
was administered on day 1 (baseline), day 15, day 29 and every
28 days thereafter to week 100. 

Endpoints and assessments 
The primary endpoint of the BLISS-LN study was primary ef- 
ficacy renal response (PERR) at week 104, defined as a urinary 
protein:creatinine ratio (UPCR) ≤0.7 g/g, eGFR ≤20% below the 
pre-flare value or ≥60 ml/min/1.73 m 

2 (per the simplified Mod- 
ification of Diet in Renal Disease formula) and no receipt of 
prohibited (rescue) therapy resulting in treatment failure [ 14 ].
Additionally, confirmation of a PERR across two consecutive visits 
was required for the endpoint to be considered met. 

Major secondary endpoints included complete renal response 
(CRR) at week 104 [which is a more stringent, composite endpoint
defined as UPCR < 0.5 g/g, eGFR ≤10% below the pre-flare value or
≥90 ml/min/1.73 m 

2 and no receipt of prohibited (rescue) therapy 
resulting in treatment failure, including (similar to PERR) the re- 
duction of GCs to ≤10 mg/day at 24 weeks and requiring confirma-
tion across two consecutive visits] and the time to kidney-related 
event or death through week 104 (defined as the first event oc-
curring after day 1 among any of the following: ESKD, doubling
of serum creatinine, increase in proteinuria and/or impaired ex- 
cretory kidney function, kidney disease-related treatment failure 
or death). The stringency of the PERR and CRR endpoints are dis-
cussed in the BLISS-LN primary manuscript [ 14 ]. 

The post hoc endpoint of time to first LN flare from week 24
was defined as the first event occurring after week 24 among any
of the following: impaired kidney function [reproducible eGFR de- 
crease > 20% from week 24 accompanied by proteinuria (UPCR 
> 1 g/g) and/or cellular casts (red blood cells, white blood cells
in the absence of infection or both)], increased proteinuria (UPCR 
> 1 g/g if week 24 UPCR was < 0.2 g/g, UPCR > 2 g/g if week 24
UPCR was 0.2–1 g/g or more than twice the week 24 value if the
week 24 UPCR was > 1 g/g) or kidney disease-related treatment 
failure. Full definitions of the study endpoints have been pub- 
lished previously [ 14 , 16 ]. 

These endpoints were assessed post hoc in subgroups of pa- 
tients with newly diagnosed versus relapsed LN and patients with 
or without IV GC pulses during induction therapy. In addition, the 
mean combined (IV and oral) daily prednisone equivalent dose 
during the first 6 months was assessed in patients with and with-
out IV GC pulses during induction therapy. While all patients were 
required to have active LN at baseline, per the inclusion crite- 
ria, newly diagnosed LN was defined as the patients’ first episode 
of LN (first kidney biopsy–established diagnosis of LN) and re- 
lapsed LN was defined as the second or any subsequent episode 
of active LN confirmed by rebiopsy. 

Statistical analyses 
Post hoc analyses were performed in the modified intention-to- 
treat (mITT) population, which included all randomized patients 

https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfad167#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfad167#supplementary-data
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ho received at least one dose of belimumab or placebo. Site com-
liance issues resulted in two patients being excluded from the
ITT population. 
Comparisons included belimumab versus placebo in newly

iagnosed and relapsed LN subgroups and belimumab versus
lacebo in the subgroup of patients who received GC pulses during
nduction therapy and those who did not. No formal comparisons
etween subgroups were performed; the study was not powered
o investigate subgroups and therefore any analyses by subgroup
hould be regarded as descriptive. 
PERR and CRR were analysed using logistic regression mod-

ls. Odds ratios (ORs) and 95% confidence intervals (95% CIs)
ere determined within subgroups for the comparison between
elimumab and placebo, with covariates for treatment group, in-
uction regimen (CYC versus MMF), race (Black African ancestry
ersus other), baseline UPCR and baseline eGFR. Discontinuation
f belimumab or placebo, withdrawal from the study or treatment
ailure were considered as no response. 
Time to a kidney-related event or death was analysed using a

ox proportional hazards regression model for the comparison
etween belimumab and placebo, adjusting for induction regi-
en (CYC versus MMF), race (Black African ancestry versus other),
aseline UPCR and baseline eGFR. Data were censored follow-
ng discontinuation of belimumab or placebo, withdrawal from
he study or having a treatment failure unrelated to a kidney
vent. 
Time to first LN flare from week 24 was analysed using a Cox

roportional hazards regression model for the comparison be-
ween belimumab and placebo, adjusting for induction regimen
CYC versus MMF), race (Black African ancestry versus other),
eek 24 UPCR and week 24 eGFR. Data were censored following
iscontinuation of treatment, withdrawal from the study or hav-
ng a treatment failure unrelated to kidney disease. 

ESULTS 

aseline demographics and clinical 
haracteristics 
verall, 296 patients had newly diagnosed LN and 150 had re-
apsed LN. With the obvious exception of LN and SLE disease du-
ation, baseline demographics and clinical characteristics were
enerally similar between the newly diagnosed and relapsed sub-
roups. 
Baseline demographics and clinical characteristics of patients
ith GC pulses ( n = 173) and with no GC pulses ( n = 273) at in-
uction were generally similar; however, more patients with GC
ulses received CYC as standard therapy [belimumab, n = 27/76
35.5%); placebo, n = 36/97 (37.1%)] compared with patients with
o GC pulses [belimumab, n = 32/147 (21.8%); placebo, n = 23/126
18.3%)]. There were also country-specific differences; a greater
roportion of patients who received GC pulses were from Europe
belimumab, n = 24/76 (31.6%); placebo, n = 29/97 (29.9%)] than pa-
ients without GC pulses [belimumab, n = 17/147 (11.6%); placebo,
 = 16/126 (12.7%)]. The reverse applied in the USA and Canada,
here there was a greater proportion of patients from these coun-
ries among those without GC pulses [belimumab, n = 30/147
20.4%); placebo, n = 28/126 (22.2%)] than those with GC pulses
belimumab, n = 8/76 (10.5%); placebo, n = 10/97 (10.3%)]. Patients
ith GC pulses had a lower mean eGFR {belimumab, 98.1 [stan-
ard deviation (SD) 36.1]; placebo, 90.7 [SD 41.5]} than patients
ithout GC pulses [belimumab, 101.0 (SD 38.6); placebo, 108.9 (SD
2.1)]. 
Baseline patient demographics and clinical characteristics for
ll four patient subgroups (newly diagnosed, relapsed, GC pulses,
o GC pulses) are shown in Table 1 . 

elimumab demonstrated efficacy in both newly 

iagnosed and relapsed patients 
o determine whether patients with newly diagnosed LN respond
ifferently to treatment with belimumab than patients with
elapsed LN, PERR and CRR at week 104 as well as the time to
idney-related event or death and the time to first LN flare from
eek 24 were evaluated in the newly diagnosed and relapsed pa-
ient subgroups. 

ore patients achieved PERR or CRR at week 104 with
elimumab than with placebo in both subgroups 
he proportions of patients who achieved PERR were greater with
elimumab versus placebo in both the newly diagnosed [69/148
46.6%) versus 55/148 (37.2%); OR 1.36 (95% CI 0.85–2.20)] and re-
apsed [27/75 (36.0%) versus 17/75 (22.7%); OR 2.31 (95% CI 1.07–
.01)] subgroups (Fig. 1 ). Similarly, a greater proportion of patients
chieved CRR with belimumab compared with placebo in both
he newly diagnosed [50/148 (33.8%) versus 36/148 (24.3%); OR
.49 (95% CI 0.88–2.51)] and relapsed [17/75 (22.7%) versus 8/75
10.7%); OR 3.11 (95% CI 1.16–8.31)] subgroups (Fig. 1 ). For both
ERR and CRR, the treatment difference versus placebo tended
o be greater in relapsed compared with newly diagnosed pa-
ients; however, no formal comparisons between subgroups were
erformed. 

he risk of experiencing a kidney-related event or death was
ower with belimumab than with placebo in both subgroups
he risk of experiencing a kidney-related event or death through
eek 104 was reduced by 45% among patients who received
elimumab compared with those who received placebo in the
ewly diagnosed subgroup [hazard ratio (HR) 0.55 (95% CI 0.33–
.93)] and by 53% in the relapsed subgroup [HR 0.47 (95% CI 0.23–
.95)] (Fig. 2 ). 

he risk of experiencing an LN flare from week 24 was lower
ith belimumab than with placebo in both subgroups 
he risk of experiencing an LN flare from week 24 through
eek 104 was reduced by 49% among patients who received
elimumab compared with those on placebo in the newly diag-
osed subgroup [HR 0.51 (95% CI 0.28–0.92)] and by 55% in the
elapsed subgroup [HR 0.45 (95% CI 0.21–0.96)] (Fig. 3 ). 
These data demonstrate that treatment with belimumab was

ssociated with greater proportions of patients achieving PERR
r CRR, a reduced risk of a kidney-related event or death and a
educed risk of experiencing an LN flare through week 104 com-
ared with placebo, regardless of whether patients had newly di-
gnosed or relapsed LN. 

elimumab demonstrated efficacy in patients 
ith and without GC pulses during induction 

herapy 

o determine whether patients with and without GC pulses dur-
ng induction therapy responded differently to belimumab, we
valuated PERR and CRR at week 104 as well as the time to
idney-related event or death and the time to first LN flare from
eek 24 in the GC pulses and no GC pulses subgroups. The mean
ombined (IV and oral) daily prednisone equivalent dose in the
rst 6 months is presented in Supplementary Table 1 . 

https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfad167#supplementary-data
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Table 1: Baseline demographic and clinical characteristics (mITT population; post hoc analyses). 

Newly diagnosed Relapsed GC pulses No GC pulses 

Characteristics 
Placebo 
( n = 148) 

Belimumab 
10 mg/kg IV 

( n = 148) 
Placebo 
( n = 75) 

Belimumab 
10 mg/kg IV 

( n = 75) 
Placebo 
( n = 97) 

Belimumab 
10 mg/kg IV 

( n = 76) 
Placebo 
( n = 126) 

Belimumab 
10 mg/kg IV 

( n = 147) 

Region, n (%) 
Asia 72 (48.6) 75 (50.7) 33 (44.0) 31 (41.3) 46 (47.4) 33 (43.4) 59 (46.8) 73 (49.7) 
Europe 24 (16.2) 23 (15.5) 21 (28.0) 18 (24.0) 29 (29.9) 24 (31.6) 16 (12.7) 17 (11.6) 
USA/Canada 26 (17.6) 23 (15.5) 12 (16.0) 15 (20.0) 10 (10.3) 8 (10.5) 28 (22.2) 30 (20.4) 
Americas excluding 
USA/Canada 

26 (17.6) 27 (18.2) 9 (12.0) 11 (14.7) 12 (12.4) 11 (14.5) 23 (18.3) 27 (18.4) 

Female, n (%) 129 (87.2) 133 (89.9) 67 (89.3) 64 (85.3) 88 (90.7) 66 (86.8) 108 (85.7) 131 (89.1) 
Age (years), mean (SD) 33.0 (10.7) 33.9 (11.1) 33.3 (10.7) 33.5 (10.0) 33.1 (9.5) 34.5 (11.7) 33.1 (11.5) 33.4 (10.2) 
Standard therapy, n (%) 
MMF 111 (75.0) 116 (78.4) 53 (70.7) 48 (64.0) 61 (62.9) 49 (64.5) 103 (81.7) 115 (78.2) 
CYC 37 (25.0) 32 (21.6) 22 (29.3) 27 (36.0) 36 (37.1) 27 (35.5) 23 (18.3) 32 (21.8) 

SLE duration (years) a , 
median (IQR) 

0.9 
(0.2–4.3) 

1.1 
(0.1–5.6) 

7.8 
(4.9–11.2) 

7.3 
(4.2–11.1) 

2.9 
(0.2–7.3) 

4.1 
(0.3–8.0) 

3.4 
(0.2–8.2) 

3.2 
(0.3–8.5) 

LN duration (years) a , 
median (IQR) 

0.1 
(0.1–0.2) 

0.1 
(0.1–0.2) 

5.5 
(3.3–8.7) 

5.1 
(2.8–7.9) 

0.2 
(0.1–2.7) 

0.3 
(0.1–4.1) 

0.2 
(0.1–3.4) 

0.2 
(0.1–2.7) 

LN class, n (%) 
Class III or IV 88 (59.5) 86 (58.1) 44 (58.7) 40 (53.3) 59 (60.8) 42 (55.3) 73 (57.9) 84 (57.1) 
Class III + V or 
class IV + V 

34 (23.0) 40 (27.0) 21 (28.0) 21 (28.0) 29 (29.9) 24 (31.6) 26 (20.6) 37 (25.2) 

Class V 26 (17.6) 22 (14.9) 10 (13.3) 14 (18.7) 9 (9.3) 10 (13.2) 27 (21.4) 26 (17.7) 
UPCR (g/g), 

mean (SD) 
3.5 (3.8) 2.9 (2.4) 3.5 (3.0) 3.9 (3.3) 4.0 (4.6) 3.2 (2.9) 3.2 (2.5) 3.2 (2.7) 

UPCR category ( ≥3 g/g), 
n (%) 

61 (41.2) 55 (37.2) 31 (41.3) 36 (48.0) 41 (42.3) 30 (39.5) 51 (40.5) 61 (41.5) 

SLEDAI-2K score, 
mean (SD) 

12.4 (5.1) 12.7 (5.4) 11.8 (4.2) b 12.0 (5.0) 12.9 (4.6) c 13.0 (5.7) 11.6 (4.9) 12.2 (5.0) 

eGFR (ml/min/1.73 m 

2 ), 
mean (SD) 

100.4 (42.7) 101.6 (36.5) 102.1 (43.0) 96.9 (40.0) 90.7 (41.5) 98.1 (36.1) 108.9 (42.1) 101.0 (38.6) 

eGFR category 
( ≥60 ml/min/1.73 m 

2 ), 
n (%) 

116 (78.4) 131 (88.5) 66 (88.0) 59 (78.7) 70 (72.2) 65 (85.5) 112 (88.9) 125 (85.0) 

eGFR category 
( ≥90 ml/min/1.73 m 

2 ), 
n (%) 

87 (58.8) 89 (60.1) 46 (61.3) 42 (56.0) 48 (49.5) 45 (59.2) 85 (67.5) 86 (58.5) 

Average daily 
prednisone equivalent 
dose (mg/day), mean 
(SD) d 

80.2 (156.3) 67.8 (98.1) 57.3 (65.9) 63.9 (103.2) – – – –

a Duration defined as (Treatment start date–Diagnosis date + 1)/365.25. 
b n = 74. 
c n = 96. 
d GCs were converted to prednisone equivalents. Baseline values take into account only the last 7 days prior to randomization; baseline values are not available for 
GC pulse subgroups as pulses or highest dose of GC (which could be administered between 60 days prior to baseline or at day 1) would not be captured. 
SLEDAI-2K: SLE Disease Activity Index 2000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

More patients achieved PERR or CRR at week 104 with 
belimumab than with placebo regardless of GC pulse 
use during induction 
Greater proportions of patients achieved PERR with belimumab
versus placebo in both the GC pulses [29/76 (38.2%) versus 28/97
(28.9%); OR 1.56 (95% CI 0.79–3.05)] and no GC pulses [67/147
(45.6%) versus 44/126 (34.9%); OR 1.59 (95% CI 0.96–2.66)] sub-
groups (Fig. 4 ). Similarly, the proportions of patients who achieved
CRR were greater with belimumab versus placebo in both the GC
pulses [16/76 (21.1%) versus 17/97 (17.5%); OR 1.11 (95% CI 0.50–
2.50)] and no GC pulses [51/147 (34.7%) versus 27/126 (21.4%); OR
2.19 (95% CI 1.24–3.89)] subgroups (Fig. 4 ). More patients achieved
PERR or CRR in the subgroup with no GC pulses compared with
the subgroup that received GC pulses, irrespective of the treat-
ment allocation (Fig. 4 ). 
The risk of experiencing a kidney-related event or death was 
lower with belimumab than with placebo regardless of GC 

pulse during induction 
The risk of experiencing a kidney-related event or death through 
week 104 was lower with belimumab versus placebo in both the 
subgroup of patients with GC pulses [HR 0.42 (95% CI 0.21–0.83)] 
and the subgroup with no GC pulses [HR 0.55 (95% CI 0.32–0.94)]
administered during induction (Fig. 5 ). 

The risk of experiencing an LN flare from week 24 was lower
with belimumab than with placebo regardless of GC pulse 
during induction 
The risk of experiencing an LN flare from week 24 was reduced
by 76% among patients who received belimumab compared with 
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Figure 1: PERR and CRR at week 104 in patients with relapsed and newly diagnosed LN (mITT population; post hoc analyses). OR and 95% CI values 
are from a logistic regression model run within the subgroup level for the comparison between belimumab and placebo with covariates treatment 
group, induction regimen (CYC versus MMF), race (Black African ancestry versus other), baseline UPCR and baseline eGFR. 

Figure 2: Time to kidney-related event or death through week 104 in patients with newly diagnosed and relapsed LN (mITT population; post hoc 
analyses). HR and 95% CI values are from Cox proportional hazards model for the comparison between belimumab and placebo adjusting for 
induction regimen (CYC versus MMF), race (Black African ancestry versus other), baseline UPCR and baseline eGFR. Investigational product 
discontinuations, treatment failures not related to kidney disease and withdrawals were censored on the date of the event. Patients who completed 
the study were censored at week 104. 
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hose who received placebo in the subgroup of patients with GC
ulses [HR 0.24 (95% CI 0.10–0.57)] and by 24% in the subgroup of
atients with no GC pulses [HR 0.76 (95% CI 0.42–1.37)] adminis-
ered during induction (Fig. 6 ). 
These data demonstrate that, compared with placebo,

elimumab treatment was associated with greater proportions of
atients achieving PERR or CRR, a reduced risk of a kidney-related
vent or death and a reduced risk of experiencing an LN flare
hrough week 104, regardless of GC pulse administration during
nduction therapy. 
o  
ISCUSSION 

hese post hoc analyses of data from the BLISS-LN study investi-
ated whether the addition of belimumab to standard therapy im-
roved kidney outcomes compared with standard therapy alone
n patients with newly diagnosed LN as well as in those with re-
apsed LN. In addition, we investigated whether belimumab plus
tandard therapy improved kidney outcomes irrespective of ad-
inistration of GC pulses during induction. 
These analyses are among the first to assess clinical outcomes

f patients based on whether patients were newly diagnosed or
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Figure 3: Time to first LN flare from week 24 in patients with newly diagnosed and relapsed LN (mITT population among patients on treatment at 
week 24; post hoc analyses). a Week 24 values are used as ‘baseline’ in the definition of LN flare. HR and 95% CI values are from Cox proportional 
hazards model for the comparison between belimumab and placebo adjusting for induction regimen (CYC versus MMF), race (Black African ancestry 
versus other), week 24 UPCR and week 24 eGFR. Investigational product discontinuations, treatment failures not related to kidney disease and 
withdrawals were censored on the date of the event. Patients who completed the study were censored at week 104. Renal-related treatment failures 
were considered flares. 

Figure 4: PERR and CRR at week 104 in patients with and without GC pulses at induction (mITT population; post hoc analyses). OR and 95% CI values 
are from a logistic regression model run within the subgroup level for the comparison between belimumab and placebo with covariates treatment 
group, induction regimen (CYC versus MMF), race (Black African ancestry versus other), baseline UPCR and baseline eGFR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

experiencing a relapse of LN. For both newly diagnosed and re-
lapsed patients with LN, greater proportions of patients treated
with belimumab compared with placebo achieved PERR or CRR at
week 104, in line with previous findings from the overall BLISS-
LN patient cohort [ 14 ]. Similar findings were also observed for the
time to kidney-related event or death and the time to first LN flare
endpoints. The observed improvement in patients with relapsed
LN is particularly notable given this population is usually more
refractory to treatment than patients with newly diagnosed LN.
Furthermore, patients with relapsed disease are generally consid-
ered to have more advanced chronic kidney lesions, which hin- 
ders attaining any of the study endpoints. Of note, this study did
not show baseline demographic differences in sex or age between 
newly diagnosed and relapsed LN, which have been shown previ- 
ously [ 18 ]. In addition, the average daily prednisone dose at base-
line with placebo in patients with newly diagnosed LN was high
(80 mg/day), although the reason for this has remained undeter- 
mined. 

The use of methylprednisolone pulses and medium-dose pred- 
nisone is associated with a lower toxicity than treatment with 



2740 | Nephrol Dial Transplant , 2023, Vol. 38, No. 12 

Figure 5: Time to kidney-related event or death through week 104 in patients with and without GC pulses at induction (mITT population; post hoc 
analyses). HR and 95% CI values are from Cox proportional hazards model for the comparison between belimumab and placebo adjusting for 
induction regimen (CYC versus MMF), race (Black African ancestry versus other), baseline UPCR and baseline eGFR. Investigational product 
discontinuations, treatment failures not related to kidney disease and withdrawals were censored on the date of the event. Patients who completed 
the study were censored at week 104. 

Figure 6: Time to first LN flare from week 24 in patients with and without GC pulses at induction (mITT population; post hoc analyses). a Week 24 
values are used as ‘baseline’ in the definition of LN flare. HR and 95% CI values are from Cox proportional hazards model for the comparison between 
belimumab and placebo adjusting for induction regimen (CYC versus MMF), race (Black African ancestry versus other), week 24 UPCR and week 24 
eGFR. Investigational product discontinuations, treatment failures not related to kidney disease and withdrawals were censored on the date of the 
event. Patients who completed the study were censored at week 104. Renal-related treatment failures were considered flares. 
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high doses of oral steroids [ 23 , 24 ]. In this study, a greater pro-
portion of patients achieved PERR or CRR when administered
belimumab, and the risk of experiencing a kidney-related event
or death or LN flare was reduced with belimumab versus placebo
in patients with or without GC pulses at induction. Interestingly,
in both treatment groups, greater proportions of patients who did
not receive GC pulses at induction achieved PERR or CRR com-
pared with those who received GC pulses at induction, and the
observed treatment differences favoured belimumab. As the aver-
age combined daily (oral and/or IV) GC dose over the first 6 months
of the study was similar between belimumab and placebo in pa-
tients with and without GC pulses, the observed findings do not
appear to be driven by differences in GC exposure. These findings
could also be a result of patients who received GC pulses hav-
ing more active and/or severe kidney disease and therefore pos-
sessing a lower potential to achieve renal responses. If so, this
should be considered in future study designs, which should ac-
count for histologic activity and chronicity in estimating response
rates. There were some country-specific differences in the receipt
of GC pulses, likely due to regional differences in clinical practice.
In addition, although the study was not designed to assess this,
more patients who received CYC as initial standard therapy re-
ceived GC pulses, whereas more patients who received MMF as ini-
tial standard therapy did not receive pulses; this could reflect the
aforementioned assumption regarding the severity of LN or sim-
ply a preference of clinicians to administer pulse GCs with CYC
regimens. Still, the prospect of not requiring GC pulses at induc-
tion is tantalising and recapitulates the results of a small prospec-
tive cohort study that showed the addition of methylprednisolone
to rituximab as induction therapy did not affect complete remis-
sion rates (although many patients had existing high steroid ex-
posure) [ 25 ]. Our data suggest that regardless of whether pulse
GCs were administered, benefit was derived with belimumab
treatment. 

Limitations of our analyses should be considered when inter-
preting these results. First, the BLISS-LN study was not designed
to detect treatment differences between the patient subgroups
assessed here. These analyses were post hoc in nature and not
powered for statistical analyses between subgroups. Overlapping
95% CIs were observed and should be considered when interpret-
ing these results. Furthermore, sample sizes were not compara-
ble between all subgroups, although patient numbers were simi-
lar across those receiving placebo and belimumab for newly diag-
nosed and relapsed patients. 

In conclusion, these data show consistent benefit of
belimumab versus placebo, in addition to standard therapy,
on kidney outcomes in both newly diagnosed and relapsed pa-
tients and irrespective of whether patients received GC pulses at
induction. 
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