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Safety and Efficacy of Belimumab in Patients with
Lupus Nephritis
Open-Label Extension of BLISS-LN Study

Richard Furie ,1 Brad H. Rovin ,2 Fr�ed�eric Houssiau,3 Gabriel Contreras,4 Y.K. Onno Teng ,5 Paula Curtis ,6

Yulia Green,6 Mohamed Okily ,6 Anuradha Madan ,7 and David A. Roth 7

Abstract
Background and objectives In the BLISS-LN study, belimumab improved kidney outcomes in adult patients
with active lupus nephritis. This 28-week open-label extension of BLISS-LN assessed belimumab’s safety and
efficacy.

Design, setting, participants, & measurements Eligible patients completing BLISS-LN received monthly
intravenous belimumab 10 mg/kg plus standard therapy. End points included safety, open-label week 28 primary
efficacy renal response (urine protein-creatinine ratio [UPCR]#0.7, eGFR no more than 20% below open-label
baseline value or$60 ml/min per 1.73 m2, no prohibited medications) and complete renal response (UPCR,0.5,
eGFRno more than 10% below open-label baseline value or$90 ml/min per 1.73 m2, no prohibited medications),
and UPCR and eGFR by visit. Responses were also analyzed post hoc using the double-blind phase criteria.

ResultsOf 257 enrolled patients, 255 were treated (safety population: n5123 switched from placebo-to-
belimumab; n5132 remained on belimumab); 245 (97%) patients completed the study. Adverse events and
serious adverse events were experienced by 62% and 4% of placebo-to-belimumab patients, respectively, and by
70% and 8% of belimumab-to-belimumab patients, respectively. One death occurred in the placebo-to-belimumab
group. From open-label baseline to week 28, increases occurred in the proportions of patients achieving primary
efficacy renal response (placebo-to-belimumab: from 60% to 67%; belimumab-to-belimumab: from 70% to 75%)
and complete renal response (placebo-to-belimumab: from 36% to 48%; belimumab-to-belimumab: from 48% to
62%). Based on double-blind phase criteria, changes also occurred in the proportions achieving primary efficacy
renal response (placebo-to-belimumab: from 54% to 53%; belimumab-to-belimumab: from 66% to 52%) and
complete renal response (placebo-to-belimumab: from 34% to 35%; belimumab-to-belimumab: from 46% to 41%).
The seeming decrease in response rates in the belimumab-to-belimumab groups was attributed to
discontinuations/administration of glucocorticoids for non-SLE reasons as opposed to nephritis. Median
UPCR and eGFR values were similar at open-label baseline and week 28.

ConclusionsNo new safety signals were identified, and efficacy was generally maintained throughout the open-
label phase.

Clinical Trial registry name and registration number: BLISS-LN, NCT01639339

CJASN 17: 1620–1630, 2022. doi: https://doi.org/10.2215/CJN.02520322

Introduction
Lupus nephritis, the most common serious manifesta-
tion of SLE, occurs in approximately 40% of patients,
and despite therapeutic advances, up to 30% of patients
with lupus nephritis are at risk of progressing to
kidney failure (1–3). Thus, there remains a need for effi-
cacious lupus nephritis treatments that preserve long-
term kidney function with a favorable safety profile.

Belimumab, a recombinant, human IgG1l mAb
that targets soluble B-lymphocyte stimulator (4), is
approved for the treatment of patients aged $5 years
with active autoantibody-positive SLE receiving stan-
dard therapy (5,6). The previously published phase 3
BLISS-LN (GSK Study BEL114054) study demonstrated

that intravenous belimumab plus standard therapy had
a favorable safety profile and significantly improved kid-
ney outcomes in adult patients with active lupus nephri-
tis (7). The results of BLISS-LN led to approvals of beli-
mumab in the United States and Europe as the first
biologic agent for the treatment of adult patients with
active lupus nephritis (8,9).
Here, we present the results of a 28-week, open-

label extension phase of the BLISS-LN study, the
objectives of which were to assess safety, tolerability,
and efficacy of belimumab in combination with
standard therapy in patients with lupus nephritis
who completed treatment in the 104-week, double-
blind phase of BLISS-LN, and to assess whether the
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responses achieved in the double-blind phase were main-
tained for the additional 6-month open-label phase.

Materials and Methods
Study Design
This was a 28-week, open-label extension of the phase

3 multicenter, randomized, placebo-controlled, 104-week
BLISS-LN study (GSK Study BEL114054) conducted
between February 2015 and March 2020. The double-blind
phase study design has been previously published (7).
All eligible patients received intravenous belimumab

10 mg/kg plus standard therapy every 28 days until week 24,
with a final evaluation at week 28 (4 weeks after the last
dose). The first open-label dose was administered at the
double-blind phase week 104 visit (open-label phase day 0)
following completion of all week 104 assessments. Patients
who switched from placebo-to-belimumab were included in
the placebo-to-belimumab group, and patients who remained
on belimumab were included in the belimumab-to-belimumab
group. Double-blind phase restrictions on concomitant medi-
cations, including glucocorticoids and immunosuppressants,
no longer applied in the open-label phase, except for live
vaccines, biologics, and other investigational drugs.
Patients continued to receive belimumab unless specific

withdrawal criteria occurred (Supplemental Material).
Patients were free to withdraw from treatment/study at
any time.
This study was conducted in accordance with the princi-

ples of the Declaration of Helsinki, and all study sites
received approval from ethics committees or institutional
review boards. Written informed consent was obtained
from all patients.

Patients
Patients who received belimumab or placebo through

week 100 and completed the double-blind phase week 104
assessments were eligible to participate in the open-label
phase. Full double-blind phase inclusion and exclusion
criteria have been previously published (7). At the double-
blind phase baseline, patients were aged $18 years and
had autoantibody-positive SLE (antinuclear antibody $1:80
and/or antidouble-stranded DNA [anti-dsDNA] $30
IU/ml) as per the American College of Rheumatology SLE
classification criteria (10,11) and biopsy-proven (within
6 months) proliferative lupus nephritis class 3 or 4 with or
without coexisting class 5 or pure class 5 membranous
lupus nephritis as per the 2003 International Society of
Nephrology and Renal Pathology Society criteria (12).

End Points and Assessments
The primary objective was to evaluate the safety of

belimumab from open-label baseline to open-label week 28.
Safety assessments included monitoring of adverse events
(AEs), serious AEs, AEs of special interest (malignancies,
postinfusion systemic reactions, opportunistic infections,
sepsis, and depression/suicide/self-injury), deaths, and
immunogenicity.
Treatment-emergent AEs were defined as any AE that

occurred after receipt of the first dose of open-label treat-
ment. AEs were assessed at each infusion visit. Other safety

end points were monitored at regular intervals until the
8-week follow-up visit (postfinal belimumab dose).
Key secondary efficacy end points were the proportions

of patients with primary efficacy renal response and the
proportions of patients with complete renal response at
open-label week 28. During the open-label phase, primary
efficacy renal response was defined as a urine protein-
creatinine ratio (UPCR) #0.7, eGFR of no more than 20%
below the open-label baseline eGFR or $60 ml/min per
1.73 m2, and no prohibited medications. Complete renal
response was defined as a UPCR ,0.5, eGFR no more than
10% below open-label baseline eGFR or $90 ml/min per
1.73 m2, and no prohibited medications. Although there
were no restrictions on concurrent medications during the
open-label phase, for primary efficacy renal response and
complete renal response end points, the definition of pro-
hibited medications in the double-blind phase was used to
capture the use of medication that would have been classi-
fied as prohibited during the double-blind phase (7). In
addition, primary efficacy renal response and complete
renal response criteria were assessed based on observed
data at open-label weeks 12, 24, and 28, and criteria were
required to be met at a single time point only (i.e., criteria
did not have to be met on consecutive visits as was
required for the double-blind phase).
To assess the maintenance of response over time, post hoc

analyses of primary efficacy renal response and complete
renal response at open-label week 28 were also performed
according to the double-blind phase criteria (i.e., the eGFR
component was relative to the preflare value, and primary
efficacy renal response and complete renal response criteria
were required to be met on two consecutive visits [weeks
100 and 104 in the double-blind phase; weeks 24 and 28 in
the open-label phase]). However, open-label week 28 was
the only time point during the open-label phase where the
double-blind criteria of primary efficacy renal response and
complete renal response end points were applied.
Additional efficacy end points included the time to a sus-

tained primary efficacy renal response and complete renal
response from double-blind baseline through to open-label
week 28 (using double-blind phase criteria; post hoc analy-
ses); proportions of UPCR responders (,0.5) from double-
blind week 4 through open-label week 28 by visit; mean
eGFR levels from double-blind baseline to open-label week
28 by visit; proportions of patients with an SLE Disease
Activity Index-2000 (SLEDAI-S2K) score less than four at
open-label week 28; proportion of patients with a doubling
of serum creatinine (compared with the open-label baseline)
and/or progression to kidney failure (defined as the need
for long-term dialysis or kidney transplantation); propor-
tions of patients with average daily prednisone-equivalent
dose #5, #7.5, or #10 mg/day at open-label week 28; and
percentage changes from open-label baseline in anti-dsDNA
and complement 3 (C3)/C4 biomarker levels to open-label
week 28 among patients who were anti-dsDNA positive and
had low C3/C4 at open-label baseline, respectively.

Statistical Analyses
Open-label baseline was defined as the last available

value prior to the first dose of open-label treatment (day 0).
All patients received belimumab in the open-label phase;
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thus, no statistically meaningful treatment comparisons
can be made. All analyses were considered exploratory in
nature using descriptive statistics. Safety and efficacy end
points were assessed for the duration of the open-label
phase only, unless otherwise indicated.
Safety end points were assessed in the open-label safety

population, defined as all enrolled patients who received
one or more doses of open-label belimumab treatment. AEs
were summarized at any time postfirst dose of open-label
treatment. Efficacy end points were assessed in the open-
label safety population, excluding one patient due to Good
Clinical Practice nonadherence issues (modified intention-
to-treat population).
Predefined analyses were based on observed data,

with no imputation for missing data. In the analyses of
the primary efficacy renal response and complete renal
response, patients who received medication in the open-
label phase that met the definition of prohibited medica-
tions in the double-blind phase were counted as treat-
ment failure and imputed as a nonresponse. For the post
hoc analyses using the double-blind criteria for primary
efficacy renal response and complete renal response,
withdrawal from the trial, treatment failure, and dis-
continuation of study treatment were imputed as a
nonresponse.

Results
Baseline Characteristics
Of 448 patients randomized in the BLISS-LN study, 279

patients completed the double-blind phase; of these
patients, 257 enrolled in the open-label phase, and 255
(n5123, placebo-to-belimumab; n5132, belimumab-to-
belimumab) received one or more doses of intravenous
belimumab 10 mg/kg and were included in the open-label
safety population (Figure 1). Of 254 patients included in
the open-label modified intention-to-treat population, most
patients (245 [97%]) completed the open-label phase
through week 28. The most common reason for withdrawal
was AEs (five of 254 [2%]).
At open-label baseline, patients in the belimumab-to-

belimumab group exhibited trends suggesting overall better
disease control compared with the placebo-to-belimumab
group, as evidenced by lower baseline UPCR values, a
higher proportion of patients with SLEDAI-S2K scores of
less than eight, lower average prednisone-equivalent doses,
and lower proportions of autoantibody-positive patients
and patients with low C3/C4 levels (Table 1). Those enter-
ing the open-label phase had similar characteristics at the
double-blind baseline compared with the overall population
of the double-blind phase (Supplemental Table 1).
The median (minimum, maximum) duration of exposure

to intravenous belimumab 10 mg/kg during the open-label
phase was 196 (85, 207) days in the placebo-to-belimumab
group and 196 (56, 214) days in the belimumab-to-belimumab
group (following approximately 104 weeks of blinded expo-
sure to belimumab).

Safety
Overall, 76 of 123 (62%) placebo-to-belimumab patients

and 92 of 132 (70%) belimumab-to-belimumab patients

experienced AEs (Table 2). The most frequently reported
AEs by system organ class occurring in $5% of patients in
either open-label treatment group included infections and

Placebo
N=224

Intravenous belimumab 10 mg/kg
N=224

Completed double-blind phase treatment through week 104
N=279

Placebo
N=133 (48%)

Intravenous belimumab 10 mg/kg
N=146 (52%)

Enrolled in the open-label phase of the BLISS-LN study
N=257

Received �1 open-label intravenous belimumab 10 mg/kg dose
• Safety population (N=255)*

• Modified intention-to-treat population (N=254)†

Placebo-to-belimumab
Intravenous 10 mg/kg

N=122

Belimumab-to-belimumab
Intravenous 10 mg/kg

N=132

Completed the open-label phase
N=245

Withdrew, n=9 (4%)‡

• Adverse event, n=5 (2%)
• Nonfatal, n=4 (2%)
• Fatal, n=1 (0.4%)

• Withdrew consent, n=2 (0.8%)
• Protocol deviation, n=1 (0.4%)
• Lost to follow-up, n=1 (0.4%)

Placebo-to-belimumab
Intravenous 10 mg/kg

N=121 (99%)

Belimumab-to-belimumab
Intravenous 10 mg/kg

N=124 (94%)

Randomized in the double-blind phase of the
BLISS-LN study

N=448

Figure 1. | Patient disposition in the open-label phase. *Two
patients enrolled in the open-label phase did not receive open-
label belimumab. They were inadvertently enrolled in the open-
label phase while permanently discontinued from the double-blind
investigational product and were thus excluded from analysis pop-
ulations. †Of the 255 patients who received one or more open-
label intravenous belimumab 10-mg/kg doses, one patient was not
included in the modified intention-to-treat population due to Good
Clinical Practice nonadherence issues in the double-blind phases
of the study. Open-label data from this patient were excluded
from all efficacy analyses, but they were included in the safety
analyses for consistency with the double-blind phase reporting.
Data are reported for the modified intention-to-treat population
from “Received $1 open-label intravenous belimumab 10 mg/kg”
downward. ‡Includes all withdrawals for both treatment groups
(belimumab-to-belimumab, n58; placebo-to-belimumab, n51).
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infestations, musculoskeletal and connective tissue disor-
ders, and skin and subcutaneous tissue disorders.
The incidence of serious AEs during the open-label phase

was low, reported in five of 123 (4%) placebo-to-belimumab
patients and ten of 132 (8%) belimumab-to-belimumab
patients (Table 2). Overall, the incidence of AEs resulting in
study treatment discontinuation during the open-label
study was #3% in both groups (Table 2), with infections
and infestations being the most common (one of 123 [0.8%]
in the placebo-to-belimumab group; four of 132 [3%] in the
belimumab-to-belimumab group).

The overall incidence of AEs of special interest was low
during the open-label phase (Table 2). Two serious infections
of special interest (one event of serious tuberculosis and one
event of serious disseminated herpes zoster) were reported in
the belimumab-to-belimumab group. There was one case of
suicidal behavior in the belimumab-to-belimumab group in a
patient diagnosed with an adjustment disorder who took an
overdose of lorazepam. This patient recovered and completed
belimumab treatment throughout the open-label phase.
One death was reported in the placebo-to-belimumab

group, which was associated with fatal serious AEs of mul-
tiple organ dysfunction syndrome, sepsis secondary to nos-
ocomial pneumonia, and CKD.
Of 247 patients assessed for positive antidrug antibodies

at any time post open-label baseline, one patient in the
belimumab-to-belimumab group tested positive for antibe-
limumab antibodies at a follow-up visit 8 weeks after the
last dose.

Efficacy
The proportions of patients who achieved primary effi-

cacy renal response increased from open-label baseline to
open-label week 28 in both groups: from 60% to 67% in the
placebo-to-belimumab group and from 70% to 75% in the
belimumab-to-belimumab group (Table 3). The proportions
of patients with complete renal response also increased:
from 36% at open-label baseline to 48% at open-label week
28 in the placebo-to-belimumab group and from 48% to
62% in the belimumab-to-belimumab group (Table 3).
Post hoc analyses performed using the more stringent

double-blind phase criteria for primary efficacy renal
response and complete renal response showed that in the
placebo-to-belimumab group, the proportions of patients
with primary efficacy renal response and complete renal
response at open-label baseline were 54% and 34%, respec-
tively, with the response rates maintained at open-label
week 28 (Table 3). In the belimumab-to-belimumab group,
the proportions of patients who met double-blind criteria
for primary efficacy renal response and complete renal
response were 66% and 46%, respectively, at open-label
baseline and 52% and 41%, respectively, at open-label week
28 (Table 3). Reductions in primary efficacy renal response
and complete renal response rates at open-label week 28 in
the belimumab-to-belimumab group were mainly due to
discontinuations (n58) or intake of concomitant medica-
tions (n59) allowed during the open-label phase but
counted as treatment failures for the statistical analysis. All
but one of the treatment failures were for nonkidney rea-
sons, indicating that reductions in rates of primary efficacy
renal response and complete renal response were not due to
kidney worsening, but due to medications taken for non-
SLE reasons (Supplemental Material). At open-label week 28,
in the placebo-to-belimumab group, one patient discontin-
ued, and one patient took concomitant medications classi-
fied as treatment failures (Supplemental Material).
The post hoc analysis of durability of response to open-label

week 28 suggested that the primary efficacy renal response
and complete renal response achieved in the double-blind
phase were maintained for another 6 months in the open-
label phase in both treatment groups (Figure 2).

Table 1. Patient characteristics at the start of the open-label
phase of BLISS-LN (open-label modified intention-to-treat pop-
ulation, N5254)

Placebo-to-
Belimumab
Intravenous
10 mg/kg,
N5122

Belimumab-to-
Belimumab
Intravenous
10 mg/kg,
N5132

Race,a n (%)
Asian 67 (55) 71 (54)
Black African/American ancestry 13 (11) 12 (9)
White 38 (31) 47 (36)
Otherb 4 (3) 2 (2)

Age, yr, mean (SD) 36 (10) 36 (10)
Women, n (%) 110 (90) 118 (89)
Lupus nephritis class, n (%)

Class 3 or 4 70 (57) 78 (59)
Class 3 1 5 or class 4 1 5 31 (25) 36 (27)
Class 5 21 (17) 18 (14)

UPCR, g/g, median (IQR) 0.4 (0.1–1.0) 0.3 (0.1–0.7)
UPCR category, g/g, n (%)

,0.5 71 (58) 89 (67)
#0.7 79 (65) 98 (74)
$3 6 (5) 7 (5)

eGFR, ml/min per 1.73 m2,
median (IQR)

105 (84–123) 108 (88–130)

SLEDAI-S2K score, median
(IQR)

4 (2–8) 4 (1–6)c

SLEDAI-S2K score ,8, n (%) 84 (69) 103 (78)
Medications at baseline

Steroids, n (%) 103 (84) 110 (83)
Average daily prednisone-

equivalent dose, mg/day,
median (IQR)

7.5 (5.0–10.0) 5.0 (2.5–10.0)

Antimalarials, n (%) 86 (71) 100 (76)
Immunosuppressants, n (%) 120 (98) 129 (98)
ACE/ARBs, n (%) 83 (68) 86 (65)

Biomarkers
Anti-dsDNA
Positive, $30 IU/ml, n (%) 85 (70) 64 (49)

Anti-C1q
Positive, $22.2 U/ml, n (%) 64 (68)d 60 (55)e

C3
Low, ,90 mg/dl, n (%) 45 (37) 37 (28)

C4
Low, ,10 mg/dl, n (%) 18 (15) 12 (9)

UPCR, urine protein-creatinine ratio; IQR, interquartile
range; SLEDAI-S2K, SLE Disease Activity Index-2000; ACE,
angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor antagonist/blocker; anti-dsDNA, antidouble-
stranded DNA; C3, complement 3; C4, complement 4.
aPatients were only counted in one category.
bComposed of the categories: mixed race and American
Indian or Alaska Native.

cn5131.
dn594.
en5109.
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Median (interquartile range [IQR]) UPCR values were
0.4 (0.1–1.0) g/g in the placebo-to-belimumab group
and 0.3 (0.1–0.7) g/g in the belimumab-to-belimumab
group at open-label baseline; these values remained
low at open-label week 28 for both groups (Table 4).
The UPCR (,0.5 g/g) responder rates improved from
double-blind week 4 through to open-label week 28 in
both groups (Figure 3A). Median (IQR) eGFR values
were 105 (84–123) ml/min per 1.73 m2 in the placebo-
to-belimumab group and 108 (88–130) ml/min per 1.73 m2

in the belimumab-to-belimumab group at open-label
baseline, and these values remained high at open-label
week 28 in both groups (Table 4). The eGFR levels
generally remained stable through open-label week 28
(Figure 3B).
No marked changes were observed in the proportions of

patients with SLEDAI-S2K scores less than four during the
open-label phase in either group (Table 4).
One patient in each treatment group had a doubling of

serum creatinine. In the placebo-to-belimumab group, the

doubling of serum creatinine was followed by progression
to kidney failure.

Among patients receiving prednisone, doses were
unchanged from open-label baseline to open-label week 28,
and almost all patients received an average dose of #10
mg/day (Table 4), despite no restrictions on doses of con-
comitant glucocorticoids.

Among anti-dsDNA–positive patients at open-label base-
line, the median (IQR) percentage changes from open-label
baseline to open-label week 28 in anti-dsDNA levels were
230.2 (246.3 to 26.8) in the placebo-to-belimumab group
and 210.7 (227.2 to 9.1) in the belimumab-to-belimumab
group (Table 4).

At open-label week 28, in patients with low C3/C4 levels
at open-label baseline, the median (IQR) percentage
changes from open-label baseline in C3/C4 levels were
6.2 (24.2 to 14.6) for C3 and 23.6 (11.1–37.5) for C4 in
the placebo-to-belimumab group and 4.7 (24.8 to 16.9)
for C3 and 11.1 (0.0–57.1) for C4 in the belimumab-to-
belimumab group (Table 4).

Table 2. Summary of treatment-emergent adverse events and adverse events of special interest (open-label safety population,
N5255)

n (%)

Placebo-to-Belimumab
Intravenous 10 mg/kg,

N5123

Belimumab-to-Belimumab
Intravenous 10 mg/kg,

N5132

‡1 AE 76 (62) 92 (70)
AE by SOC occurring in ‡5% of patients in either treatment groupa

Infections and infestations 52 (42) 64 (49)
Musculoskeletal and connective tissue disorders 16 (13) 16 (12)
Skin and subcutaneous tissue disorders 10 (8) 17 (13)
Gastrointestinal disorders 11 (9) 13 (10)
Respiratory, thoracic, and mediastinal disorders 5 (4) 15 (11)
Nervous system disorders 7 (6) 10 (8)
General disorders and administration site conditions 8 (7) 8 (6)
Eye disorders 0 (0) 8 (6)

‡1 treatment-related AE 25 (20) 24 (18)
Treatment-related AE by SOC occurring in ‡5% of patients in

either treatment group
Infections and infestations 17 (14) 17 (13)

‡1 serious AE 5 (4) 10 (8)
Serious AE by SOC occurring in ‡5% of patients in

either treatment group
Infections and infestations 4 (3) 7 (5)

‡1 AE resulting in study treatment discontinuation 1 (0.8) 4 (3)
AEs of special interest
Malignancies 0 (0) 0 (0)
Postinfusion systemic reactionsb 4 (3) 5 (4)
Infections of special interest (opportunistic infections, herpes zoster,

tuberculosis, sepsis)c
2 (2) 6 (5)

Serious 0 (0) 2 (2)
Depression (including mood disorders and anxiety)/suicide/

self-injuryc
2 (2) 4 (3)d

Deathe 1 (0.8) 0 (0)

AE, adverse event; SOC, system organ class.
aPatients are counted only once per SOC.
bNo serious postinfusion systemic reactions were reported.
cPer customized Medical Dictionary for Regulatory Activities query (version 22.0).
dThere was one serious AE of suicidal behavior in a patient diagnosed with an adjustment disorder that occurred 12 days after the
first open-label infusion. This patient recovered and completed belimumab treatment throughout the open-label phase.

eOccurred 85 days after the first open-label infusion at open-label day 0 and 8 days after the last infusion at open-label week 12.
Death was associated with fatal serious AEs of multiple organ dysfunction syndrome, sepsis secondary to nosocomial
pneumonia, and CKD. The adjudicated category of death was “SLE related.”
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Discussion
Despite the short duration of this open-label extension,

adding or continuing belimumab treatment beyond 2 years
was associated with enduring safety and efficacy consistent
with that observed in the double-blind phase of the BLISS-
LN study (7).
Patient demographics and disease characteristics at

open-label baseline were generally balanced between the
placebo-to-belimumab and belimumab-to-belimumab
groups. Between-group differences in UPCR, proportions
of patients with SLEDAI-S2K scores of less than eight,
average prednisone-equivalent doses, and proportions of
autoantibody-positive patients and patients with low
C3/C4 levels were observed, favoring the belimumab-to-
belimumab group. These data suggest that, as expected,
patients in belimumab-to-belimumab group had better dis-
ease control than patients in the placebo-to-belimumab
group at open-label baseline. Improvements in UPCR and
eGFR values as well as serological activity from double-
blind baseline to open-label baseline were observed in
patients enrolled in the open-label phase, regardless of
prior treatment assignment (7).
No new safety signals were observed with regard to con-

tinuing or initiating belimumab treatment. Overall, five of
123 (4%) patients in the placebo-to-belimumab group and
ten of 132 (8%) patients in the belimumab-to-belimumab

group experienced serious AEs, driven mainly by infec-
tions and infestations. Infections of special interest were
reported in two of 123 (2%) patients in the placebo-to-
belimumab group and six of 132 (5%) patients in the
belimumab-to-belimumab group. However, this open-label
extension phase was not controlled, so differences in safety
profile between treatment groups should be interpreted
with caution. Overall, the safety findings of this study were
consistent with those observed during the BLISS-LN study
double-blind phase and other open-label belimumab stud-
ies (7,13–15).
Proportions of patients achieving the key secondary effi-

cacy end points of primary efficacy renal response or com-
plete renal response increased from open-label baseline to
open-label week 28 in both groups. Primary efficacy renal
response and complete renal response criteria for the open-
label phase were relaxed as compared with those used in
the double-blind phase: criteria were not required to be
reproduced on consecutive visits, and the eGFR criterion
was relative to open-label baseline and not to preflare val-
ues. Furthermore, the treatment failure criterion with
respect to prohibited medications, including immunosup-
pressants and glucocorticoids, was less restrictive than dur-
ing the double-blind phase. These differences made it diffi-
cult to evaluate the rates of maintenance of primary
efficacy renal response and complete renal response across

Table 3. Primary efficacy renal response and complete renal response at open-label baseline and open-label week 28 (open-label
modified intention-to-treat population, N5254)

Placebo-to-Belimumab
Intravenous 10 mg/kg, N5122

Belimumab-to-Belimumab
Intravenous 10 mg/kg, N5132

Open-Label
Baselinea

Open-Label
Week 28

Open-Label
Baselinea

Open-Label
Week 28

Key secondary efficacy end points
primary efficacy renal
response and complete renal
response using open-label phase
criteria (observed cases)
Primary efficacy renal responseb

N 122 118c 132 122c

Responders, n (%) 73 (60)d 79 (67) 93 (70)d 91 (75)
Complete renal responseb

N 122 118c 132 122c

Responders, n (%) 44 (36)d 57 (48) 63 (48)d 76 (62)
Post hoc analyses primary efficacy

renal response and complete renal
response using double-blind phase
criteria
Primary efficacy renal responsee

N 122 122 132 132
Responders, n (%) 66 (54) 64 (53) 87 (66) 69 (52)

Complete renal responsee

N 122 122 132 132
Responders, n (%) 41 (34) 43 (35) 60 (46) 54 (41)

aThe double-blind week 104 visit and the open-label baseline visit were the same visit.
bTo have a primary efficacy renal response and a complete renal response, the results did not have to be replicated across two
consecutive visits.

cAmong patients who had data on kidney outcomes at open-label week 28, including any patients who continued to provide data
in the study after stopping the study treatment.
dPost hoc analyses.
eTo have a primary efficacy renal response and a complete renal responses, the results had to be replicated across two consecutive
visits. All patients were included in the analysis. Withdrawal from the trial, treatment failure, and discontinuation of study
treatment were counted as nonresponses.
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the two phases of the study. Thus, post hoc analyses of pri-
mary efficacy renal response and complete renal response
using the double-blind criteria were performed. These

analyses showed that the seeming decrease in primary effi-
cacy renal response and complete renal response rates from
open-label baseline to open-label week 28 observed in the

28241049688807264

Time since first dose relative to start of each study phase (weeks)

Double-blind phase

56

P
ro

ba
bi

lit
y 

of
 e

xp
er

ie
nc

in
g

a 
pr

im
ar

y 
ef

fic
ac

y 
re

na
l r

es
po

ns
e

484032241680

44
32

60
49

63
63

67
67

70
69

74
74

75
78

78
81

79
85

84
86

86
93

90
98

96
103

105
113

118
130

Number of patients at risk

Placebo-to-belimumab
Belimumab-to-belimumab

A

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Placebo-to-belimumab intravenous 10 mg/kg (N=122)

Belimumab-to-belimumab intravenous 10 mg/kg (N=132)

Placebo-to-belimumab intravenous 10 mg/kg (N=122)

Belimumab-to-belimumab intravenous 10 mg/kg (N=132)

28241049688807264

Time since first dose relative to start of each study phase (weeks)

Double-blind phase

56

P
ro

ba
bi

lit
y 

of
 e

xp
er

ie
nc

in
g

a 
co

m
pl

et
e 

re
na

l r
es

po
ns

e

484032241680

56
51

82
70

84
83

88
89

91
92

93
96

95
98

96
102

98
105

104
107

105
110

107
114

110
117

116
122

120
130

Number of patients at risk

Placebo-to-belimumab
Belimumab-to-belimumab

B

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Open-label phase

Open-label phase

Figure 2. | Probability of (A) primary efficacy renal response and (B) complete renal response maintained through open-label week 28
(using double-blind criteria) in patients enrolled in the open-label phase (open-label modified intention-to-treat population; post hoc
analyses). This figure shows the cumulative probability of primary efficacy renal response and complete renal response that were sustained
through open-label week 28 estimated using the Kaplan–Meier method. Patients randomized to placebo in the double-blind phase started
belimumab in the open-label phase. Week 104 denotes the end of the double-blind phase and the start of the open-label phase. Primary
efficacy renal response and complete renal response were defined using double-blind phase criteria. To have a primary efficacy renal
response and a complete renal response, the results had to be replicated across two consecutive visits. Patients who discontinued open-
label treatment, had treatment failure, or withdrew from the trial were not considered to have had a sustained response. Data on patients
who did not have a primary efficacy renal response and a complete renal response at open-label week 28 were censored at the last avail-
able visit to open-label week 28. Data from patients who had treatment failure and discontinued open-label treatment, were lost to follow-
up, or died were censored. The time to event in days was calculated as the event date minus the treatment start date plus one.
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belimumab-to-belimumab group when using the double-
blind criteria was driven by discontinuations (eight patients)
and administration of glucocorticoids (nine patients) for
non-SLE reasons and not by worsening or flaring
nephritis. UPCR and eGFR values were maintained over
the 28-week open-label phase in both the placebo-to-
belimumab and belimumab-to-belimumab groups, with
the data suggesting, as expected, that UPCR was better
controlled in patients starting belimumab treatment at
double-blind baseline. Importantly, despite the absence
of any protocol mandates, the daily dose of glucocorti-
coids did not increase during the open-label phase of
the study in either treatment group.

The biologic impact of belimumab was also evident from
the observed serological improvements. At open-label base-
line, the belimumab-to-belimumab group comprised lower
proportions of autoantibody-positive patients and patients
with low C3/C4 levels than the placebo-to-belimumab
group. During the open-label phase, additional reductions
in anti-dsDNA and increases in C3 and C4 levels were
observed in both the placebo-to-belimumab and belimumab-
to-belimumab groups.
There are limitations to the interpretation of these data.

There was no placebo control during the open-label phase,
and all patients received belimumab; thus, no stati-
stically meaningful treatment comparisons can be made.

Table 4. Summary of other efficacy end points at open-label baseline and open-label week 28 (open-label modified intention-to-treat
population, N5254; observed cases)

Placebo-to-Belimumab
Intravenous 10 mg/kg, N5122

Belimumab-to-Belimumab
Intravenous 10 mg/kg, N5132

Open-Label
Baselinea

Open-Label
Week 28

Open-Label
Baselinea

Open-Label
Week 28

UPCR, g/g
N 122b 118 132b 122
Median (IQR) 0.4 (0.1–1.0) 0.4 (0.1–0.9) 0.3 (0.1–0.7) 0.2 (0.1–0.5)

UPCR<0.5, g/g
N 121b 118 127b 122
n (%) 69 (57) 68 (58) 87 (69) 91 (75)

eGFR, ml/min per 1.73 m2

N 122b 119 132b 123
Median (IQR) 105 (84–123) 104 (81–124) 108 (88–130) 106 (88–127)

SLEDAI-S2K score <4
N 122 120 132 122
Responders, n (%) 44 (36)c 40 (33) 64 (49)c 64 (53)

Average daily prednisone-equivalent
dose, mg/day
N 122 121 132 128
#10, n (%) 122 (100) 120 (99) 132 (100) 126 (98)
#7.5, n (%) 62 (51) 66 (55) 85 (64) 83 (65)
#5, n (%) 59 (48) 60 (50) 78 (59) 75 (59)

Biomarkers
Anti-dsDNA among anti-dsDNA–positive

patients at baseline, IU/ml
N 85 81 64 61
Median (IQR) % change from baselined — 230.2 (246.3 to 26.8) — 210.7 (227.2 to 9.1)

C3 among patients with low C3 levels
at baseline, mg/dl
N 45 44 37 35
Median (IQR) % change from baselinee — 6.2 (24.2 to 14.6) — 4.7 (24.8 to 16.9)

C4 among patients with low C4 levels
at baseline, mg/dl
N 18 18 12 11
Median (IQR) % change from baselinee 23.6 (11.1–37.5) — 11.1 (0.0–57.1)

UPCR, urine protein-creatinine ratio; IQR, interquartile range; SLEDAI-S2K, SLE Disease Activity Index-2000; anti-dsDNA,
antidouble-stranded DNA; C3, complement 3; C4, complement 4.
aThe double-blind week 104 visit and the open-label baseline visit were the same visit.
bThe open-label baseline has been derived where data were missing at week 104 of the double-blind phase (i.e., using double-blind
phase data from week 96 onward).

cPost hoc analyses.
dAmong anti-dsDNA–positive patients at open-label baseline ($30 IU/ml). Normal range: ,30 IU/ml. Median (IQR) baseline
anti-dsDNA values: 107.0 (49.0–212.0) IU/ml in the placebo-to-belimumab group and 65.5 (42.5–126.5) IU/ml in the belimumab-
to-belimumab group.

eAmong patients with low C3 (,90 mg/dl)/C4 (,10 mg/dl) levels at open-label baseline. Normal range: C3, 902180 mg/dl; C4,
10240 mg/dl. Median (IQR) baseline value: C3, 78.0 (72.0–83.0) mg/dl in the placebo-to-belimumab group and 80.0 (71.0–84.0)
mg/dl in the belimumab-to-belimumab group; C4, 7.5 (6.0–8.0) mg/dl in the placebo-to-belimumab group and 7.0 (7.0–8.5) mg/
dl in the belimumab-to-belimumab group.
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Furthermore, the total duration of belimumab exposure
was different between patients who received belimumab or
placebo during the double-blind phase. During the double-
blind phase, patients who, due to disease activity, required
treatment with prohibited medications were withdrawn
from treatment and did not enroll into the open-label
phase. Therefore, there may have been selection bias as
patients who completed the double-blind phase were those
who tolerated belimumab or placebo with background
immunosuppressants, were willing to participate in the
open-label phase, and were potentially more likely to
respond well to belimumab over time.

The derivation of the primary efficacy renal response/
complete renal response criteria in the open-label phase
was modified from the double-blind phase as patients in
the belimumab-to-belimumab group received their first
dose of belimumab during a period of high disease activ-
ity/flare, whereas patients in the placebo-to-belimumab
group received their first dose of belimumab 104 weeks
after double-blind baseline while receiving maintenance of
remission therapy and had different disease activity status.
The double-blind baseline was confounded by these differ-
ences, and therefore, the open-label baseline was used
in the analysis of primary efficacy renal response and
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Figure 3. | (A) UPCR (<0.5) and (B) eGFR by visit over double-blind and open-label phases in patients enrolled in the open-label phase
(open-label modified intention-to-treat population; observed cases). Patients randomized to placebo in the double-blind phase started
belimumab in the open-label phase; double-blind week 104 visit and the open-label baseline visit were the same visit. The UPCR graph
denotes the proportion of responders over time. SE, standard error, UPCR, urine protein-creatinine ratio.

1628 CJASN

D
ow

nloaded from
 http://journals.lw

w
.com

/cjasn by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 07/12/2024



complete renal response for patients in the belimumab-to-
belimumab and placebo-to-belimumab groups. The com-
parison with the open-label baseline level minimizes the
difficulty to interpret data from patients who switched
over from placebo-to-belimumab with a different exposure
duration than those in the belimumab-to-belimumab group.
Additionally, the treatment failure criterion was only appli-
cable to the double-blind phase and was not adjudicated in
the open-label phase.
The apparent improvement in primary efficacy renal res-

ponse and complete renal response in placebo-to-belimumab
patients suggests that the addition of belimumab may bene-
fit patients treated with standard therapy who did not
respond completely. The relatively short duration of the
open-label phase may not have allowed adequate time for
appreciable benefit to be derived among those who transi-
tioned from placebo. We speculate that longer duration on
belimumab would have allowed the placebo-to-belimumab
patients to “catch up” with those who were given belimu-
mab from the beginning of the double-blind phase. The
small change in belimumab-to-belimumab patients may also
be expected, but importantly, responders in the belimumab-
to-belimumab group did not lose renal responses.
In conclusion, treatment with belimumab was well toler-

ated, with no new safety findings identified during this
28-week open-label phase of the BLISS-LN study. These
data suggest that continuation or initiation of belimumab
in addition to standard therapy at 104 weeks can be benefi-
cial in patients with lupus nephritis.
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Complete Renal Response (based on the double-blind phase crite-
ria; post hoc analyses).
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