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We performed a post hoc analysis of the Belimumab
International Study in Lupus Nephritis (BLISS-LN), a Phase
3, multinational, double-blind, 104-week trial, in which 448
patients with lupus nephritis were randomized to receive
intravenous belimumab 10 mg/kg or placebo with standard
therapy (cyclophosphamide/azathioprine or
mycophenolate mofetil). Add-on belimumab was found to
be most effective in improving the primary efficacy kidney
response and complete kidney response in patients with
proliferative lupus nephritis and a baseline urine protein/
creatinine ratio under 3 g/g. However, there was no
observed improvement in the kidney response with
belimumab treatment in patients with lupus nephritis and
sub-epithelial deposits or with a baseline protein/creatinine
ratio of 3 g/g or more. Belimumab significantly reduced the
risk of kidney-related events or death and lupus nephritis
flare in the overall population. Belimumab reduced the risk
of a sustained 30% or 40% decline in estimated glomerular
filtration rate (eGFR) versus standard treatment alone and
attenuated the annual rate of eGFR decline in patients who
remained on-study. Thus, our data suggest that the
addition of belimumab to standard therapy could
attenuate the risk of lupus nephritis flare and eGFR decline
in a broad spectrum of patients with lupus nephritis.
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L upus nephritis (LN) is one of the most severe organ
manifestations of systemic lupus erythematosus.1

Cyclophosphamide (CYC), azathioprine (AZA), and
mycophenolate mofetil (MMF) are routinely used as standard
therapies (STs) alongside glucocorticoids for the treatment of
LN,1,2 but kidney response rates remain low.3 Up to 25% of
patients who achieve remission have a flare within 3 to 4
years,4,5 and up to 30% of patients progress to end-stage
kidney disease (ESKD) and require kidney replacement
therapy within 10 to 15 years of diagnosis.6,7

Belimumab is a recombinant human IgG1l monoclonal
antibody that inhibits B-lymphocyte stimulator (BLyS) and is
approved for patients 5 years or older with active
autoantibody-positive systemic lupus erythematosus.8 To
address unmet needs in patients with LN, the Belimumab
International Study in Lupus Nephritis (BLISS-LN) was
conducted to determine whether the addition of belimumab
to standard immunosuppressive regimens improved kidney
outcomes compared with ST plus placebo. The results of
BLISS-LN were recently reported9 and supported belimumab
approval for the treatment of adults with active LN in the
United States and the European Union.8

BLISS-LN was the first successful phase 3 randomized
controlled trial in patients with LN to show superior kidney
outcomes and a similar safety profile after the addition of a
novel biologic drug to ST. The design of the trial had many
unique features, including an ST regimen chosen by each site’s
principal investigator; a very strict glucocorticoid tapering
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and maintenance schedule; 2-year duration; unique end point
criteria for the assessment of kidney response; and evaluation
of kidney-related events associated with long-term progres-
sion to kidney failure.9

In addition to BLISS-LN, other novel therapies are being
evaluated for LN treatment. Despite these latest positive ad-
vances, the question remains how effective the emerging
therapies will be in different subpopulations of patients with
LN and in preserving long-term kidney function. Given the
considerable number of patients who progress to ESKD,7,10

this is a particularly important concern. To investigate this
question for belimumab, secondary and exploratory analyses
of BLISS-LN were performed, focusing on primary and sec-
ondary efficacy end points in different subgroups and on
other kidney outcomes directly relevant to long-term kidney
health and survival. The results of these analyses are reported
here.

METHODS
Study design, setting, and population
BLISS-LN (GlaxoSmithKline Study 114054; ClinicalTrials.gov iden-
tifier NCT01639339) was a phase 3, multinational, multicenter,
randomized, double-blind, placebo-controlled, 104-week trial
designed to assess the efficacy and safety of belimumab plus ST
(CYC/AZA or MMF) in adult patients with active LN. Full methods
have been published.9

The study was conducted between July 2012 and July 2019 and
randomized 448 patients from 107 sites in 21 countries. Eligible
patients were 18 years or older with autoantibody-positive sys-
temic lupus erythematosus as per updated American College of
Rheumatology classification criteria.11 In addition, patients had a
urine protein/creatinine ratio (uPCR) of $1 and biopsy-confirmed
International Society of Nephrology and the Renal Pathology
Society 2003–defined12 class III or IV LN with or without coex-
isting class V LN or pure class V LN within 6 months before or
during screening. Only patients with biopsy specimens showing
active lesions or active and chronic lesions were enrolled. Key
exclusion criteria were dialysis or B cell–targeted therapy
(including belimumab) within the preceding year, receipt of CYC
induction therapy within 3 months before the start of the trial,
previous failures of both MMF and CYC induction therapy, and an
estimated glomerular filtration rate (eGFR) of <30 ml/min per
1.73 m2 of body surface area.

Patients were free to withdraw from treatment at any time during
the study. Of note, even if treatment was discontinued prematurely,
patients were encouraged to remain in the study and continue with
assessments up to week 104.

Randomization and interventions
Patients were randomized (1:1) to receive belimumab 10 mg/kg i.v.
or placebo as an add-on to ST, stratified by induction regimen and
race. Treatment was administered on days 1 (baseline), 15, and 29
and every 28 days thereafter to week 100, with final assessments at
week 104. Within 60 days before randomization, patients initiated
standard induction therapy of CYC followed by maintenance with
AZA, or induction and maintenance with MMF, according to the
choice of the investigator. High-dose glucocorticoids were adminis-
tered as part of the induction regimen but had to be tapered to #10
mg/d by week 24. Short-term low-dose rescue treatment was allowed
404
until week 76 for reasons other than LN, and no increase in
glucocorticoid dose was permitted between week 76 and week 104.

Outcomes and study subgroups
The primary end point of BLISS-LN was the primary efficacy renal
response (PERR) at week 104. Key secondary end points included
complete renal response (CRR) at week 104, PERR at week 52, and
time to kidney-related event or death.

The secondary and post hoc analyses reported here investigated
PERR, CRR, and time to kidney-related event or death in study
subgroups, along with the following outcomes predictive of long-
term kidney health and survival: time to first LN flare, time to a
confirmed 30% or 40% decline in eGFR, sustained 30% and 40%
decline in eGFR, and eGFR slope—which were performed in the
overall study population and subgroups.

Study subgroups included LN histologic class (class III or IV, class
III þ V or IV þ V, and pure class V), ST regimen (CYC/AZA or
MMF), and baseline proteinuria level defined by nephrotic range
proteinuria threshold (uPCR of $3 g/g or <3 g/g).
End point measurements
Proteinuria was measured using uPCR, and eGFR was measured
using the Modification of Diet in Renal Disease formula.13 Patients
who achieved PERR had a uPCR of #0.7 g/g with an eGFR no less
than 20% below the preflare value or $60 ml/min per 1.73 m2 of
body surface area and did not receive rescue therapy resulting in
treatment failure. Patients who achieved CRR had a uPCR of <0.5 g/
g with an eGFR no less than 10% below the preflare value or $90
ml/min per 1.73 m2 of body surface area and did not receive rescue
therapy resulting in treatment failure.

Time to kidney-related event or death was defined as the time from
baseline to occurrence of one of the following: ESKD, doubling of serum
creatinine, increased proteinuria and/or impaired kidney function,
kidney disease–related treatment failure, or death for any cause.

LN flares were assessed from week 24, by when all the patients
had completed induction therapy and tapered glucocorticoids
to #10 mg/d. LN flares were defined as (i) impaired kidney function
(i.e., reproducible eGFR decrease of >20% from week 24) accom-
panied by proteinuria (uPCR of >1 g/g) and/or cellular casts (red
blood cells, white blood cells in the absence of infection, or both),
(ii) increase in proteinuria compared with week 24, or (iii) treatment
failure due to kidney disease–related intake of prohibited medica-
tions. Increase in proteinuria was defined as an increase in uPCR of
>1 if week 24 uPCR was <0.2 g/g, uPCR of >2.0 g/g if week 24
uPCR was 0.2 to 1 g/g, or as a doubling of uPCR if week 24 uPCR
was >1 g/g. A subgroup analysis of LN flares in patients who ach-
ieved PERR at week 24 and patients with week 24 uPCR # 0.5 g/g
was also performed. The analysis included only patients who were on
treatment at week 24.

Time to confirmed eGFR decline of 30% and 40% were measured
from day 1 and analyzed using either only on-treatment data or all
data. The first analysis included all eGFR measurements obtained
while patients received treatment (“on treatment”), in which data
from patients who discontinued belimumab or placebo or withdrew
from the study were censored from the earliest treatment discon-
tinuation or study withdrawal time point. The second analysis
included all eGFR measurements obtained while patients remained
enrolled in the study (on study), even if they prematurely dis-
continued belimumab or placebo, with study withdrawal leading to
censoring from that time point.
Kidney International (2022) 101, 403–413
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Sustained 30% and 40% decline in eGFR was defined as a 30% and
40% decrease in eGFR from baseline before withdrawal and
confirmed by the last 2 eGFR values in the study.

The annual rate of eGFR decline was evaluated as a chronic slope
from week 24 to account for acute effects of the LN flare and in-
duction therapy on kidney function early in the study.14 Like the
time to confirmed eGFR decline, this analysis was performed using
both the on-treatment and on-study data, but similar to the LN
flare analysis, it included only patients who remained on treatment
at week 24.

Statistical analysis
Efficacy end points were analyzed using the modified intention-to-
treat population that included 223 patients in each treatment
group. Two patients in the total randomized population (n ¼ 448)
were excluded from the modified intention-to-treat population
because of compliance issues at the research site.

In general, statistical models controlled for race (Black African
ancestry vs. non-Black African ancestry), induction regimen (CYC
vs. MMF), baseline uPCR, and baseline eGFR. In the derivation of
PERR and CRR, treatment (belimumab or placebo) discontinua-
tion, study withdrawal, or treatment failure were imputed as “no
response.” In the derivation of the time to kidney-related event or
death, data were censored after discontinuation of treatment,
study withdrawal, or treatment failure unrelated to a kidney
event.

PERR and CRR were analyzed using logistic regression models
(analyses for the baseline proteinuria subgroups were post hoc). Time
to renal-related event or death was analyzed using a Cox propor-
tional hazards regression model (subgroup analyses were post hoc
Table 1 | Baseline characteristics (mITT population)

Characteristic Placebo (n [ 223)

Female 196 (87.9)
Age, yr 33.1 � 10.6
Racea

Asian 109 (48.9)
White 75 (33.6)
Black African ancestry 31 (13.9)
American Indian or Alaska Native 6 (2.7)
Multiple 2 (0.9)

SLE disease duration,b yr 3.3 (0.2–8.0)
LN disease duration,b yr 0.2 (0.1–3.4)
Induction regimen

CYC 59 (26.5)
MMF 164 (73.5)

Kidney biopsy class
III or IV 132 (59.2)
III and V or IV and V 55 (24.7)
V 36 (16.1)

uPCR at screening, g/g 4.3 (3.9)
$3 117 (52.5)

uPCR at baseline, g/g 3.5 (3.6)
$3 92 (41.3)

eGFR at baseline, ml/min per 1.73 m2 101.0 (42.7)
$60 182 (81.6)
$90 133 (59.6)

CYC, cyclophosphamide; eGFR, estimated glomerular filtration rate; LN, lupus nephritis;
erythematosus; uPCR, urine protein/creatinine ratio.
aPatients were counted in only 1 category.
bDuration was defined as (date of the first dose – diagnosis date þ 1)/365.25 yr.
Data are expressed as mean � SD, median (interquartile range), or n (%).

Kidney International (2022) 101, 403–413
except for the analysis according to induction regimen, which was
prespecified in the study protocol).

The post hoc end point of time to first LN flare from week 24 was
analyzed using a Cox proportional hazards model adjusted for in-
duction regimen, race, week 24 uPCR, and week 24 eGFR.

The annual rate of eGFR decline from week 24 (post hoc analysis)
was estimated from a linear mixed model consisting of treatment
group (belimumab vs. placebo), analysis visit (study week), and their
interaction as well as random intercept and slope at the patient level.
The covariance structure for the random intercept and slope was
unstructured and heterogeneous for treatment groups.

The post hoc end points of time to 30% and 40% decline in eGFR
from baseline were analyzed with Cox proportional hazards models
adjusted for induction regimen, race, baseline uPCR, and baseline
eGFR. Sustained 30% and 40% decline in eGFR (post hoc analysis)
were analyzed using logistic regression models with the following
covariates: treatment group, induction regimen, race, baseline uPCR,
and baseline eGFR.

Analyses other than PERR, CRR, and time to death or renal-
related event as specified above were post hoc and results should
only be regarded as descriptive in nature. Additionally, the study was
not powered to investigate subgroups and therefore any analyses by
subgroup should be regarded as descriptive.

RESULTS
Study population
The baseline characteristics of the BLISS-LN modified
intention-to-treat population were reported previously9 and
are summarized in Table 1. More than half of the patients
(258 [57.8%]) had class III or IV LN, 116 (26.0%) had
Belimumab 10 mg/kg i.v.
(n [ 223) Total (N [ 446)

197 (88.3) 393 (88.1)
33.7 � 10.7 33.4 � 10.7

114 (51.1) 223 (50.0)
73 (32.7) 148 (33.2)
30 (13.5) 61 (13.7)
4 (1.8) 10 (2.2)
2 (0.9) 4 (0.9)

3.3 (0.3–8.1) 3.3 (0.2–8.1)
0.2 (0.1–3.3) 0.2 (0.1–3.3)

59 (26.5) 118 (26.5)
164 (73.5) 328 (73.5)

126 (56.5) 258 (57.8)
61 (27.4) 116 (26.0)
36 (16.1) 72 (16.1)
3.8 (2.6) 4.1 (3.3)
119 (53.4) 236 (52.9)
3.2 (2.7) 3.4 (3.2)
91 (40.8) 183 (41.0)

100.0 (37.7) 100.5 (40.2)
190 (85.2) 372 (83.4)
131 (58.7) 264 (59.2)

mITT, modified intention-to-treat; MMF, mycophenolate mofetil; SLE, systemic lupus
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0.1 1
Odds ratio (95% CI)

PERR
Any class
Class III or IVa

Class Vc

CRR
Any class
Class III or IVa

Class Vc

LN class
Placebo
(n = 223)

Responders, n (%)

Belimumab
10 mg/kg i.v.

(n = 223)
Treatment

difference (%)
Favors

placebo
Favors
belimumab Odds ratio (95% CI)

72 (32.3)
42 (31.8)
15 (27.3)
15 (41.7)

44 (19.7)
25 (18.9)
8 (14.5)
11 (30.6)

96 (43.0)
60 (47.6)
23 (37.7)
13 (36.1)

67 (30.0)
39 (31.0)
16 (26.2)
12 (33.3)

10.8
15.8
10.4
–5.6

10.3
12.0
11.7
2.8

1.55 (1.04, 2.32)
1.82 (1.08, 3.08)
1.76 (0.77, 4.05)
0.65 (0.23, 1.86)

1.74 (1.11, 2.74)
1.78 (0.98, 3.21)
2.76 (0.99, 7.72)
0.83 (0.27, 2.62)

10

P value

0.0311

0.0167

Class III + V or IV + Vb

Class III + V or IV + Vb

Figure 1 | Primary efficacy renal response (PERR) and complete renal response (CRR) at week 104 by lupus nephritis (LN) class
(modified intention-to-treat population). aPlacebo, n ¼ 132; belimumab, n ¼ 126. bPlacebo, n ¼ 55; belimumab, n ¼ 61. cPlacebo, n ¼ 36;
belimumab, n ¼ 36. CI, confidence interval.
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class III þ V or class IV þ V LN, and 72 (16.1%) had pure
class V LN. The majority of patients (82.5%, n ¼ 368)
initiated induction therapy within 4 weeks of randomiza-
tion, with more than half (57.6%, n ¼ 257) starting it
0.1
Haza

Treatment regimenc

CYC/AZA
MMF

LN classd

Class III or IV
Class III + V or IV + V
Class V

Overall

Placebo
(n = 223)

Belimumab
10 mg/kg i.v.

(n = 223)
Fa

belimu

19 (32.2)
44 (26.8)

34 (25.8)
14 (25.5)
15 (41.7)

9 (15.3)
26 (15.9)

19 (15.1)
7 (11.5)
9 (25.0)

)7.51(53)3.82(36

Patients with an event,b n (%)

Figure 2 | Time to kidney-related event or death by standard therapy
treat population). aSubgroup analyses were post hoc, except for the ana
which were prespecified in the study protocol. bEvents were defined as t
kidney disease, doubling of serum creatinine from baseline, kidney worse
study treatment, withdrew from the study, have treatment failure unrelat
date of the event. Patients who completed the study were censored at w
59; belimumab, n ¼ 59; mycophenolate mofetil (MMF), placebo, n ¼ 164
n ¼ 126; class III þ V or IV þ V, placebo, n ¼ 55; belimumab, n ¼ 61; cl
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within 2 weeks of day 1. More patients received induction
therapy with MMF than with CYC (328 [73.5%] vs. 118
[26.5%], respectively). The mean baseline uPCR was 3.38 g/g
in patients with class III or IV LN, 3.42 g/g in patients with
1
rd ratio (95% CI)

vors
mab

Favors
placebo Hazard ratio (95% CI)

0.46 (0.21, 1.02)
0.52 (0.32, 0.84)

0.51 (0.29, 0.89)
0.44 (0.18, 1.10)
0.64 (0.28, 1.48)

)77.0,43.0(15.0

10

P value

0.0014

regimen and lupus nephritis (LN) classa (modified intention-to-
lysis for time to kidney-related event or death by induction regimen,
he first incidence of the following: death, progression to end-stage
ning, or kidney-related treatment failure. Patients who discontinued
ed to a kidney event, or were lost to follow-up were censored on the
eek 104. cCyclophosphamide (CYC)/azathioprine (AZA), placebo, n ¼
; belimumab, n ¼ 164. dClass III or IV, placebo, n ¼ 132; belimumab,
ass V, placebo, n ¼ 36; belimumab, n ¼ 36. CI, confidence interval.
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24
Time since first dose (wk)

Number of patients at risk

Placebo
Belimumab

196
194

167
175

154
167

142
164

133
161

131
153

127
144

124
139

117
134

115
130

68
93

Number of patients who experienced an event: placebo = 51 of 196 (26.0%), belimumab 10 mg/kg i.v. = 28 of 194 (14.4%)
HR (95% CI): 0.45 (0.28, 0.72); P = 0.0008
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Belimumab (n = 223)

968880726456484032

Figure 3 | Time to first lupus nephritis (LN) flare from week 24 (modified intention-to-treat population). Analyses were post hoc.
Dashed lines show 95% confidence intervals (CIs). Patients who discontinued study treatment, withdrew from the study, are lost to follow-up,
or have treatment failure not related to kidney disease were censored on the date of the event. Patients who completed the study were
censored at week 104. HR, hazard ratio.
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class III þ V or class IV þ V LN, and 3.22 g/g in patients
with pure class V LN. A total of 183 (41.0%) patients had a
uPCR of $3 g/g at baseline. The mean eGFR was 100.5 �
40.2 ml/min per 1.73 m2.
0.1
H

Treatment regimend

CYC/AZA
MMF

LN classe

Class III or IV
Class III + V or IV + V
Class V

Overallc

Placebo
(n = 223)

Belimumab
10 mg/kg i.v.

(n = 223) bel

18 (35.3)
33 (22.8)

27 (23.3)
13 (27.1)
11 (34.4)

7 (14.3)
21 (14.5)

16 (14.3)
7 (13.5)
5 (16.7)

)4.41(82)0.62(15

Patients with an LN flare,b n (%)

Figure 4 | Time to first lupus nephritis (LN) flare from week 24 by s
treat population). aAnalyses were post hoc. bPatients who discontinued the
treatment failure not related to kidney disease were censored on the date of th
who completed the study were censored at week 104. cPlacebo, n¼ 196; belim
n ¼ 51; belimumab, n ¼ 49; mycophenolate mofetil (MMF), placebo, n ¼ 145
112; class III þ V or IV þ V, placebo, n ¼ 48; belimumab, n ¼ 52; class V, pl
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Of the 446 patients in the modified intention-to-treat
population, 278 (62.3%) completed the investigational treat-
ment through to the scheduled last dose at week 100 (146
[65.5%] and 132 [59.2%] patients randomized to belimumab
1
azard ratio (95% CI)

Favors
imumab

Favors
placebo Hazard ratio (95% CI)

0.30 (0.12, 0.75)
0.55 (0.32, 0.96)

0.51 (0.27, 0.95)
0.43 (0.17, 1.13)
0.40 (0.14, 1.15)

)27.0,82.0(54.0

10

P value

0.0008

tandard therapy regimen and LN classa (modified intention-to-
study treatment, withdrew from the study, are lost to follow-up, or have
e event. Kidney-related treatment failure is considered an event. Patients
umab, n¼ 194. dCyclophosphamide (CYC)/azathioprine (AZA), placebo,

; belimumab, n ¼ 145. eClass III or IV, placebo, n ¼ 116; belimumab, n ¼
acebo, n ¼ 32; belimumab, n ¼ 30. CI, confidence interval.
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Table 2 | eGFR slope from week 24 to week 104a (mITT population)

Variable

On treatmentb On studyc

Placebo
(n [ 223)

Belimumab 10 mg/kg i.v.
(n [ 223)

Placebo
(n [ 223)

Belimumab 10 mg/kg i.v.
(n [ 223)

Patients with $1 eGFR value from week 24, n 198 196 198 196
Patients with eGFR value at week 104, n 128 140 163 173
eGFR (SE) at week 24d 106.6 (2.49) 109.4 (2.36) 106.8 (2.55) 109.5 (2.39)
eGFR slope (SE), ml/min per 1.73 m2 per yrd �3.18 (1.10) �0.99 (0.77) �5.72 (1.46) �2.12 (0.97)
eGFR slope difference vs. placebo (SE)d 2.19 (1.34) 3.61 (1.76)
95% CId �0.45 to 4.84 0.15 to 7.06
P valued 0.1041 0.0407

CI, confidence interval; eGFR, estimated glomerular filtration rate; mITT, modified intention-to-treat; SE, standard error.
aAnalyses were post hoc.
bData from after treatment discontinuation were excluded.
cIncludes all available data for patients on treatment at week 24.
dStatistics are from a linear mixed model consisting of treatment group (belimumab vs. placebo), analysis visit (weeks), and their interaction as well as random intercept and
slope at the patient level. The covariance structure for the random intercept and slope is unstructured and heterogeneous for treatment groups.
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and placebo, respectively) (Supplementary Figure S1).
Including patients who discontinued treatment prematurely,
355 patients (79.6%) completed the study (186 [83.4%] and
169 [75.8%] in the belimumab and placebo groups, respec-
tively; Supplementary Figure S1).

Effect of belimumab on kidney response by LN histologic
class
The results of PERR and CRR at week 104 in the overall study
population and in subgroups by ST regimens have been
published.9 Because BLISS-LN enrolled patients with prolif-
erative and membranous forms of LN, including pure class V
LN, a subgroup analysis was performed to evaluate whether
response to therapy differed by histologic LN class. These data
suggest that the overall increase in PERR and CRR after the
addition of belimumab was mainly due to patients with a
proliferative histologic component (Figure 1). There was no
observed treatment difference for PERR or CRR in patients
with pure class V LN. As this was a small subgroup, it is
difficult to draw definitive conclusions about efficacy.

Effect of belimumab on time to kidney-related event or death
and LN flares
Overall, the risk of having a kidney-related event or death
during BLISS-LN was significantly reduced by belimumab
Table 3 | Time to 30% and 40% decline in eGFRa between basel

Variable

On treatmentb

Placebo (n [ 223)
Belimumab 10 m

(n [ 22

30% decrease in eGFR
n (%) 28 (12.6) 15 (6.7
HR (95% CI) 0.52 (0.28–0.98)
P value 0.0429

40% decrease in eGFR
n (%) 15 (6.7) 6 (2.7)
HR (95% CI) 0.38 (0.15–0.98)
P value 0.0457

CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; mIT
aAnalyses were post hoc.
bPatients who discontinued treatment and/or withdrew from the study were censored
cPatients who withdrew from the study were censored from that point.
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treatment.9 Kidney-related events were mainly increases in
proteinuria, decreases in kidney function, or both or kidney-
related treatment failure.9 When analyzed by ST regimen and
LN class, the results were directionally consistent with the
overall population results, suggesting positive effects of beli-
mumab in each subgroup (Figure 2).

BLISS-LN had a treatment duration of >2 years, pre-
senting the opportunity to evaluate the effects of belimumab
on the LN flare. During the last 18 months of the study, 28
of 194 (14.4%) and 51 of 196 (26.0%) patients had at least 1
LN flare while receiving belimumab or placebo, respectively.
Belimumab reduced the risk of an LN flare by 55% relative
to placebo (hazard ratio [95% confidence interval] 0.45
[0.28–0.72]; P ¼ 0.0008) (Figure 3). Excluding treatment
failure due to kidney disease–related intake of prohibited
medications from the LN flare definition (24 fewer patients
have flares), belimumab reduced the risk of an LN flare at
any time relative to placebo by 59% (hazard ratio [95%
confidence interval] 0.41 [0.23–0.73]; P ¼ 0.0023). Consis-
tent with the overall population, a reduction in the risk of an
LN flare with belimumab was evident in both ST groups and
across all LN classes (Figure 4). Similar trends favoring
belimumab were observed in patients who achieved either
PERR or uPCR # 0.5 g/g at week 24 (Supplementary
Table S1).
ine and week 104 (mITT population)

On studyc

g/kg i.v.
3) Placebo (n [ 223)

Belimumab 10 mg/kg i.v.
(n [ 223)

) 38 (17.0) 19 (8.5)
0.47 (0.27–0.83)

0.0084

26 (11.7) 10 (4.5)
0.35 (0.17–0.74)

0.0056

T, modified intention-to-treat.

from the first occurrence.
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Table 4 | Sustained 30% and 40% decline in eGFR by the end
of study participation (mITT population)a,b

Variable
Placebo
(n [ 223)

Belimumab
10 mg/kg i.v.
(n [ 223)

Sustained 30% decrease in
eGFR
n (%) 25 (11.2) 8 (3.6)
Observed difference vs.
placebo (%)

�7.62

OR (95% CI) 0.29 (0.13–0.68)
P value 0.0042

Sustained 40% decrease in
eGFR
n (%) 15 (6.7) 4 (1.8)
Observed difference vs.
placebo (%)

�4.93

Odds ratio (95% CI) 0.25 (0.08–0.78)
P value 0.0166

CI, confidence interval; eGFR, estimated glomerular filtration rate; mITT, modified
intention-to-treat; OR, odds ratio.
aAnalyses were post hoc.
bAs confirmed by the last 2 eGFR measurements in the study.
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Effect of belimumab on kidney function
The slope of eGFR was assessed between week 24 and week 104
(Table 2). The annual rate of decline in eGFR appeared to be
less in the belimumab-treated group than in the placebo group
in both the on-treatment and on-study analyses (Table 2).

In both the on-treatment and on-study analyses, belimu-
mab reduced the risk of having a 30% and 40% decline in
eGFR during 104 weeks relative to placebo (Table 3). Sus-
tained 30% and 40% decline in eGFR (as confirmed by the
last 2 observed eGFR measurements) was less commonly
reported with belimumab treatment relative to placebo
(Table 4). These eGFR thresholds are considered predictors of
future kidney insufficiency or failure.15

Effect of baseline proteinuria on the efficacy of belimumab
Because the level of proteinuria at flare may affect the
rapidity and completeness of the kidney response in
0.1

Overall
Lowc

Highd

Overall
Lowc

Highd

Placebo
(n = 223)

Baseline
proteinuria

levelb

PERR

CRR

Response
type

Responders, n (%)

Belimumab
10 mg/kg i.v.

(n = 223)

72 (32.3)
44 (33.6)
28 (30.4)

44 (19.7)
29 (22.1)
15 (16.3)

96 (43.0)
72 (54.5)
24 (26.4)

67 (30.0)
51 (38.9)
16 (17.6)

Treatment
difference (%)

10.8
21.0
−4.1

10.3
16.5
1.3

Figure 5 | Primary efficacy renal response (PERR) and complete renal
intention-to-treat population). aAnalyses were post hoc. bLow/high bas
< 3 g/g and $ 3 g/g, respectively. cPlacebo, n ¼ 131; belimumab, n ¼
Kidney International (2022) 101, 403–413
LN,16–18 analyses were performed on subgroups of pa-
tients with baseline uPCR < 3 g/g (n ¼ 263) and uPCR $
3 g/g (n ¼ 183). The effects of belimumab favoring PERR
and CRR were driven by the response in patients with
baseline uPCR < 3 g/g (Figure 5). There were no observed
differences between belimumab and placebo in PERR and
CRR in patients with higher baseline proteinuria ($3 g/g).
The results of the time to kidney-related event or death
analysis across baseline proteinuria subgroups were
consistent with the results in the overall population,
suggesting positive effects of belimumab treatment on
the reduction of the risk of kidney-related events or death
in patients with both low and high baseline proteinuria
levels (Figure 6). Kidney-related events were predomi-
nantly driven by increased proteinuria, decreased kidney
function, or kidney disease–related treatment failure
(Supplementary Table S2).

To further understand the effects of belimumab on kidney
function in patients with different levels of proteinuria, we
reanalyzed eGFR slopes and the time to a 30% or 40%
decline in eGFR by baseline level of proteinuria. These data
suggest that the risk of reaching a 30% or 40% decline in
eGFR at any time during the study was reduced in patients
treated with belimumab for high and low baseline protein-
uria levels, with a greater magnitude of risk reduction
observed in patients with low baseline proteinuria
(Supplementary Table S3). For the eGFR slope from week 24
to week 104, these data suggest that belimumab lowered the
rate of annual eGFR decline for both baseline proteinuria
level groups in the on-treatment analysis (Supplementary
Table S4). In the on-study analysis, there was no observed
benefit of belimumab in patients with baseline proteinuria
(uPCR of $ 3 g/g; Supplementary Table S4).

In patients with an LN flare, increased proteinuria leads to
increased kidney elimination of belimumab, resulting in
decreased systemic exposure to the drug early in treatment.
However, from week 24 onward there was no appreciable
1
Odds ratio (95% CI)

Favors
belimumab

Favors
placebo Odds ratio (95% CI)

1.55 (1.04, 2.32)
2.44 (1.46, 4.08)
0.85 (0.44, 1.63)

1.74 (1.11, 2.74)
2.18 (1.26, 3.78)
1.20 (0.54, 2.64)

10

P value

0.0311

0.0167

response (CRR) at week 104 by baseline proteinuriaa (modified
eline proteinuria levels were defined as urine protein/creatinine ratio
132. dPlacebo, n ¼ 92; belimumab, n ¼ 91. CI, confidence interval.

409



0
Time since first dose (wk)

Number of patients at risk

Placebo
Belimumab

107
118

104
114

119
126

84
101

89
103

79
99

76
98

75
96

73
90

70
88

67
86

66
85

54
67

Number of patients who experienced an eventd: placebo = 34 of 131 (26.0%), belimumab 10 mg/kg i.v. = 17 of 132 (12.9%)
HR (95% CI): 0.42 (0.23, 0.75)

Pr
ob

ab
ilit

y 
of

 re
na

l e
ve

nt
 o

r d
ea

th

      Low baseline proteinuria levelc

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
104

Placebo (n = 131)

Belimumab (n = 132)

968880726448 5632 40248 16

0
Time since first dose (wk)

Number of patients at risk

Placebo
Belimumab

78
74

71
72

84
83

63
61

65
64

58
60

53
59

51
55

47
52

46
51

45
47

44
45

24
35

Number of patients who experienced an eventd: placebo = 29 of 92 (31.5%), belimumab 10 mg/kg i.v. = 18 of 91 (19.8%)
HR (95% CI): 0.62 (0.34, 1.12)

Pr
ob

ab
ilit

y 
of

 re
na

l e
ve

nt
 o

r d
ea

th

      High baseline proteinuria levelc

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
104

Placebo (n = 92)

Belimumab (n = 91)

968880726448 5632 40248 16

a

b

Figure 6 | Time to kidney-related event or death by baseline proteinuriaa,b (modified intention-to-treat population). aAnalyses
were post hoc. bDashed lines show 95% confidence intervals (CIs). cLow/high baseline proteinuria levels were defined (continued)
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difference in exposure to belimumab between patients with
high and low proteinuria at baseline (data not shown).
Although it may seem plausible that lower exposure in the early
stage of the treatment may negatively affect efficacy, the
exposure-response analyses provided no evidence that
increasing early belimumab exposure would change efficacy
outcomes in patients with nephrotic range proteinuria (data
not shown).
DISCUSSION
A key goal of the management of LN is preservation of kidney
function and may be achieved by controlling disease activity
and preventing LN flares.2,19 BLISS-LN demonstrated that
adding belimumab to ST significantly improved kidney re-
sponses (PERR and CRR) compared with ST alone, but did
not increase adverse events.9 We performed a post hoc analysis
of BLISS-LN and found that the risk of an LN flare over time
decreased in patients given ST plus belimumab versus ST
alone. Furthermore, positive effects on validated surrogates of
ESKD progression were observed in belimumab-treated pa-
tients. Although eGFR declined in patients treated with
belimumab plus ST and ST alone, those treated with beli-
mumab tended to lose eGFR more slowly. The magnitude of
the observed difference in eGFR decline would be sufficient to
delay progression to ESKD.14 Additionally, the risk of having a
30% or 40% decline in eGFR was higher in patients treated
only with ST than in patients also given belimumab; more-
over, more patients treated with ST alone sustained this 30%
to 40% decline in eGFR compared with belimumab-treated
patients through the end of study participation. Sustained
30% or 40% decline in eGFR over 2 to 3 years of follow-up
strongly correlates with ESKD development and is accepted
as a surrogate end point for clinical trials in chronic kidney
disease.15 These data demonstrate that adding belimumab to
ST not only facilitates control of disease activity but also
prevents LN flares and may help preserve kidney function.

Preservation of kidney function by belimumab treatment
is explained, in part, by its salutary effects on kidney wors-
ening and the rate of an LN flare. LN flares or ongoing disease
activity, even if low grade, increase the risk of chronic kidney
disease in patients with LN that may progress to ESKD.1,3,20,21

As shown here, belimumab prevented kidney worsening and
overt LN flares across LN background therapies, LN histo-
logic classes, and baseline proteinuria levels.

Preliminary data suggest that belimumab may have direct
antifibrotic effects that could contribute to preservation of
kidney function. A small study in patients with systemic
sclerosis examined transcript expression in skin biopsies from
patients who had clinical improvement with belimumab.22

Belimumab downregulated pathways related to matrix
=

Figure 6 | (continued) as urine protein/creatinine ratio < 3 g/g and $ 3
following: death, progression to end-stage kidney disease, doubling of s
treatment failure. Patients who discontinued study treatment, withdrew f
were lost to follow-up were censored on the date of the event. Patients w
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expression and inflammation, raising the possibility that
belimumab may attenuate fibrosis.22 Additionally, in a mu-
rine model of bleomycin-induced pulmonary fibrosis, lung
injury was attenuated by blocking or knocking out BLyS, the
target of belimumab.23 In this model, pulmonary fibrosis was
interleukin-17A dependent, and interleukin-17A expression
was enhanced by exogenous BLyS.23 These data are consistent
with a role of BLyS in the fibrosis that occurs during in-
flammatory tissue injury. BLyS inhibition by belimumab
could, therefore, directly block the development of fibrosis.
Although speculative, this may potentially translate to pre-
venting or slowing chronic kidney damage in patients with
LN treated with belimumab.

PERR and CRR at week 104 did not demonstrate a dif-
ference between ST alone versus ST plus belimumab in pa-
tients who had baseline proteinuria $ 3 g/g. Although the
kidney clearance of belimumab is increased in patients with
high proteinuria,24 the exposure-response analyses in BLISS-
LN provided no evidence that increased clearance of beli-
mumab early in the treatment was responsible for the lack of
treatment effect on PERR and CRR. In contrast, these post hoc
subgroup analyses of time to kidney-related event or death
and eGFR decline end points suggested that belimumab may
reduce the risk of kidney disease progression regardless of
baseline proteinuria level.

This discordance between PERR/CRR and the apparent
beneficial effects of belimumab on the LN flare rate and eGFR
in patients with different baseline levels of proteinuria dem-
onstrates some of the difficulties of using end points based
largely on an absolute threshold of proteinuria in clinical
trials for LN.25 A proteinuria level of <0.5 g/d is required for
most definitions of CRR. The studies that established PERR as
a reasonable end point in LN trials demonstrated good long-
term kidney outcomes if patients achieved a proteinuria level
of 0.7 to 0.8 g/d after 1 year of treatment.26–28 Even this more
relaxed proteinuria cutoff may be too strict. Although
reaching a proteinuria level of #0.7 to 0.8 g/d by 1 year had a
high positive predictive value for preservation of kidney
function, this threshold had a low negative predictive value.
Many patients who did not realize a decrease in proteinuria to
this level after 1 year of treatment still had good long-term
kidney outcomes.26,27 There may be several reasons for this.
One potentially important issue not generally considered in
clinical trials is that resolution of immune kidney injury is not
always reflected by resolution of proteinuria, and vice
versa.29,30 Addressing this issue would require a kidney biopsy
end point or a validated noninvasive biomarker of kidney
histology to evaluate whether histologic activity had resolved.
Nonetheless, maintenance of kidney function exceeds the
g/g, respectively. dEvents were defined as the first incidence of the
erum creatinine from baseline, kidney worsening, or kidney-related
rom the study, have treatment failure unrelated to a kidney event, or
ho completed the study were censored at week 104. HR, hazard ratio.
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proteinuria level in importance in patient-reported outcomes
of glomerular diseases.31

In a small subgroup of patients with pure class V LN,
belimumab did not improve PERR or CRR rates relative to
ST, although the level of baseline proteinuria in patients with
pure class V LN was not different from that in those with
proliferative LN with or without a class V component. The
pathogenesis of class V LN is likely different from that of
class III or IV. Most trials to date have included a mixed
population of patients with proliferative or membranous
LN32,33 because of the practical need of adequate trial
enrollment but also because nonspecific immunosuppres-
sants (MMF, AZA, and CYC) have been used to treat all LN
classes.34,35 As more targeted therapeutic agents for LN are
evaluated, it may be reasonable to enrich trial enrollment
with patients who may be more likely to benefit from the
novel agents. This will provide more insight into the path-
ogenic mechanisms of LN phenotypes. Importantly, and
despite the considerations just discussed, positive effects of
belimumab treatment on reducing the risk of kidney-related
events or death and prevention of LN flares in patients with
pure class V LN were observed, consistent with the results in
other LN classes.

Several limitations to these analyses should be considered.
BLISS-LN was not designed to detect treatment differences in
the subgroups or for the outcomes evaluating decline in
kidney function. The smaller sample sizes often lacked suf-
ficient power for definitive resolution of the questions posed.
Most of the analyses were performed post hoc and were
exploratory in nature. LN flare and eGFR slope analyses were
performed for the subset of patients who remained on
treatment at week 24, which could be a potential source of
bias as discontinuations during the first 6 months of treat-
ment may have been nonrandom.

In conclusion, these data suggest that the addition of
belimumab to ST may be effective in preserving long-term
kidney function in patients with LN. This likely occurs
through several pathways, with prevention of kidney wors-
ening and LN flares of undoubted importance. BLISS-LN and
this post hoc analysis also highlight the discordance between
proteinuria and established surrogate end points for kidney
failure, such as 30% to 40% decline in eGFR and eGFR slope.
LN is a chronic kidney disease; therefore, preservation of
kidney function as opposed to achieving a specific level of
proteinuria is the main goal of therapy. BLISS-LN demon-
strated that a 30% and 40% decline in eGFR and an eGFR
slope end point may be feasible for a 2-year LN trial and
could be considered as a model for efficacy evaluation in
future LN studies.
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