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Disease Control and Safety of Belimumab Plus
Standard Therapy Over 7 Years in Patients with
Systemic Lupus Erythematosus
Ellen M. Ginzler, Daniel J. Wallace, Joan T. Merrill, Richard A. Furie, William Stohl, 
W. Winn Chatham, Arthur Weinstein, James D. McKay, W. Joseph McCune, Z. John Zhong,
William W. Freimuth, and Michelle A. Petri; and the LBSL02/99 Study Group

ABSTRACT. Objective. To evaluate the efficacy/safety of belimumab plus standard therapy in patients (n = 449)
with active systemic lupus erythematosus (SLE) treated up to 7 years (n = 177 currently ongoing).
Methods. Patients (n = 345) who completed a double-blind, placebo-controlled, 52-week study of
belimumab 1, 4, or 10 mg/kg and 24-week extension of belimumab (placebo switched to 10 mg/kg;
belimumab same dose or switched to 10 mg/kg) could receive belimumab 10 mg/kg in an open-label
continuation study (n = 296). Disease activity was analyzed in patients with active SLE at baseline
of the initial study. Biomarker and SLE medication changes were evaluated, and adverse events (AE)
were monitored throughout the study. 
Results. Total belimumab exposure over 7 years (double-blind and open-label periods): 1746
patient-years. SLE Responder Index (SRI) response rates at Week 52 in autoantibody-positive
patients: placebo, 29%; belimumab, 46% (p < 0.05). In the continuation study, 57% of auto -
antibody-positive patients had an SRI response by Year 2 and 65% by Year 7; severe flares occurred
in 19% with placebo and 17% with belimumab during the first year, with the annual rate declining
to 2%–9% during years 2–7. Anti-dsDNA autoantibodies in patients positive for them at baseline had
a progressive decline of 40%–60% from baseline over 2–7 years with belimumab. Corticosteroid use
decreased over time with ≥ 50–55% reduction in median dose during years 5–7. Serious and overall
annual AE rates, including infections, were generally stable or decreased during 7-year treatment. 
Conclusion. Disease control and safety profile were maintained in patients with active SLE taking
belimumab plus standard therapy for up to 7 years. [ClinicalTrials.gov numbers: NCT00071487 and
NCT00583362](J Rheumatol First Release Nov 1 2013; doi:10.3899/jrheum.121368)
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Systemic lupus erythematosus (SLE) is a chronic auto -
immune disorder characterized by autoantibody produc  tion

and abnormal B lymphocyte function1. Despite recent
improvements in survival, SLE remains associated with
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significant mortality due partly to an increased risk of death
from infection, heart disease, renal disease, complications of
severe SLE flares, and certain malignancies (hematologic
and lung cancer). Standard SLE therapies may contribute to
these risks2,3,4,5,6. High-dose corticosteroids are associated
with significant morbidity, including osteoporosis,
osteonecrosis, metabolic disorders, infections, weight gain,
mood disorders, and hyperlipidemia7,8,9. Accrual of organ
damage in patients with SLE is gradual and variable across
organ systems over 15 years, with the greatest damage in the
musculoskeletal, ocular, cardiovascular, and neuropsychi-
atric systems. A significant proportion of damage, both early
and accumulated over 15 years, has been attributed to 
corticosteroids10.

Identification of biomarkers to predict the course of SLE
and response to therapy is important in managing this
disease. B lymphocyte stimulator (BLyS) is overexpressed
in patients with SLE and other autoimmune diseases11,12,13,14.
During 2 years of observation, BLyS levels correlated with
changes in SLE disease activity, and with anti-dsDNA
antibody titers. Worsening disease activity was predicted by
rises in serum BLyS concentrations using the Safety of
Estrogen in Lupus Erythematosus National Assess -
ment-SLE Disease Activity Index (SELENA-SLEDAI) and
elevated anti-dsDNA antibody titers15. Levels of
anti-dsDNA and complement (C3 and C4) may predict
disease activity and exacerbations, and response to
treatment16,17,18,19,20,21.

Belimumab is a human immunoglobulin (Ig)-G1λ
monoclonal antibody that binds to and inhibits soluble
human BLyS22,23. In a phase II study, a subgroup of
auto antibody-positive patients with active SLE at
baseline showed improved disease activity [measured by
SLE flares, Physician’s Global Assessment (PGA), and
SELENA-SLEDAI] after 1 year of treatment with
belimumab combined with standard therapy compared with
placebo plus standard therapy24. The drug was generally
well tolerated. In 2 pivotal phase III studies, auto -
antibody-positive patients with SLE who were taking
standard therapy were randomized to placebo or belimumab
1 mg/kg or 10 mg/kg25,26. Both trials met the primary
endpoint of a significantly higher response rate at Week 52
in patients treated with belimumab, as assessed by the SLE
Responder Index (SRI)27, with a safety profile similar to
placebo. In addition, greater decreases in autoantibodies and
selected B cell subsets, and increases in C3 and C4 in
patients treated with belimumab versus placebo were
observed in the phase II and III trials24,28.

In the open-label continuation of the phase II study,
belimumab added to standard therapy was generally well
tolerated over 4 years29. The continuation of the original
trial remains ongoing and is the longest general SLE therapy
study measuring efficacy and safety. Our report focuses on

control of SLE disease activity and safety through 7 years of
belimumab treatment. 

MATERIALS AND METHODS
Study design. Entry criteria and design of the double-blind study have been
published24. Briefly, the phase II study enrolled patients with SLE in a
placebo-controlled, randomized 52-week trial of intravenous belimumab 1
mg/kg, 4 mg/kg, and 10 mg/kg (on days 0, 14, and 28, and then every 28
days) plus standard therapy, which could include corticosteroids,
antimalarials, and immunosuppressant drugs, alone or in combination.
Patients who completed the double-blind phase could continue in an uncon-
trolled, open-label, 24-week extension study, during which those previ-
ously receiving placebo were switched to belimumab 10 mg/kg and those
previously receiving belimumab either continued at the same dose (1, 4, or
10 mg/kg) or were switched to 10 mg/kg. Patients who had an improvement
in PGA score compared with baseline (day 0) or Week 52 and had no severe
SLE flare in the last 30 days of the 24-week extension period could enter
an open-label, longterm continuation study, with all patients receiving
belimumab 10 mg/kg.

The initial and longterm trials are registered as ClinicalTrials.gov
numbers NCT00071487 and NCT00583362, respectively. An institutional
review board or ethics committee for each study site reviewed and
approved the studies, and all patients gave informed consent before
continuing in the longterm protocol. 
Efficacy measures. Disease response during the continuation study is
assessed every 8 weeks by PGA30 and every 16 weeks by
SELENA-SLEDAI31, British Isles Lupus Assessment Group
(BILAG)32,33,34, and SLE Flare Index (SFI)30,31,35. Blood samples for
evaluation of autoantibody and complement are collected every 16 weeks.
Concomitant medication use, including SLE medications (corticosteroids
and immunosuppressives), is recorded every 4 weeks.

Efficacy endpoints include percentage change in SELENA-SLEDAI,
frequency of 1 new BILAG A or 2 new B scores, frequencies of
mild-moderate and severe flares as defined by SFI, and change in cortico -
steroid use. A posthoc analysis using SRI [defined as ≥ 4-point reduction in
SELENA-SLEDAI, no new BILAG A, and ≤ 1 new B score, and no
worsening (increase of 0.3) in PGA score vs baseline] was also
performed31.

Median percentage changes from baseline in IgG autoantibody
(anti-RNA, anti-Smith, anti-dsDNA, and anticardiolipin) and  IgG, IgA,
IgM, and IgE were evaluated, as were normalization of low C3 and C4
levels.
Safety measures. Patients were monitored for safety throughout the study.
Adverse events (AE) were coded using the Medical Dictionary for
Regulatory Activities version 13.1 and graded for severity using the
Adverse Event Severity Grading Tables, modified from the US National
Institute of Allergy and Infectious Diseases Division of Microbiology and
Infectious Disease Adult Toxicity Tables36. Safety data monitoring was
performed by a sponsor committee that reviews the data semiannually. AE
and laboratory data were recorded as reported29.
Statistical methods. For the double-blind phase, pooled results of all
belimumab doses were compared with placebo during the 52-week
double-blind period. For the longterm continuation phase, data were pooled
and results presented by 1-year intervals starting from when patients
received their first dose of belimumab therapy plus 28 days. The Year 1
interval includes data from 336 patients receiving belimumab 1, 4, or 10
mg/kg during the double-blind period and 88 patients formerly on placebo
receiving 10 mg/kg in the continuation phase. Safety and efficacy results in
patients initially randomized to placebo were calculated from when they
first received belimumab in the second year of the overall trial. In the Year
2 interval, most patients receiving belimumab were receiving 10 mg/kg; 19
patients continued to receive 1 mg/kg, and 23 received 4 mg/kg during the
24-week extension phase. In years 3–7, all patients were receiving
belimumab 10 mg/kg. 
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Analysis of efficacy was exploratory and limited to patients who were
autoantibody-positive (antinuclear antibody titer ≥ 1:80 or anti-dsDNA ≥
30 IU/ml) at baseline. SRI and PGA were calculated using the last available
data point in a given year. For PGA, percentage mean change from baseline
was used in the analysis. If a patient discontinued the trial, neither SRI nor
PGA was calculated for the years following patient withdrawal. The rates
of SFI and BILAG flares were calculated based on the observed flares in a
given year. It is worthwhile noting that while the SFI recorded all flares in
a given year, the BILAG instrument noted only the new or uncontrolled
flares during a 28-day window prior to a visit. To examine the robustness
of the efficacy results, similar analyses were performed in the completer
population, defined as patients who received ≥ 7 years of belimumab
treatment.

Rates of AE were calculated as number of events/100 patient-years for
each 1-year interval. For patients who discontinued during a given interval,
8 weeks of followup safety data were included in the last interval, if
available. Safety analyses were performed as reported29.

RESULTS
Patient disposition and baseline demographics. Figure 1
describes the patient disposition for the double-blind,
24-week extension, and longterm continuation periods.
Total cumulative patient exposure to belimumab, including
that received during the double-blind and open-label phases
of the study, was 1746 patient-years. 
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Figure 1. Patient disposition during open-label longterm exposure period. AE: adverse event; Auto Ab+:
autoantibody positive; DB: double-blind; DC: discontinuation; Dis prog: disease progression; Inv dec:
investigator decision; Lack compl: lack of compliance; LTC: longterm continuation; LTFU: lost to
followup; Pat req: patient request. From Wallace DJ, et al. Arthritis Care Res 2009;61:1168-78; and
Merrill JT, et al. Arthritis Rheum 2012;64:3364-73. 
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Demographic and disease characteristics for patients
entering the continuation study and for those who entered
and were autoantibody positive at baseline are shown in
Table 1. The autoantibody-positive patients entering the
extension generally had more serologic activity than the
overall study population. The baseline demographics of all
patients and autoantibody-positive patients entering the
longterm continuation study after 1.5 years in the
double-blind and extension phases are similar to the
baseline demographics of patients who originally entered
the trial24,27. Levels of BLyS are not reported because they
cannot be accurately measured in the presence of
belimumab. 
Efficacy endpoints. SRI. The percentage achieving SRI
response at Week 52 during the double-blind period in
autoantibody-positive patients was 29% in those receiving
placebo versus 46% in those receiving belimumab (p <
0.05)27. In the continuation study, 57% of patients achieved
an SRI response by Year 2, which increased to 65% by Year
7 (Figure 2A). In addition, a completer analysis showed

67% achieved SRI response by Year 2, increasing to 73% by
Year 7 (data not shown). The percentage achieving SRI
response among patients with SLE who were seronegative
at baseline was similar to that among seropositive patients in
the first year (44% vs 46%, respectively), but was somewhat
lower versus seropositive patients in the second year (48%
vs 57%, respectively). In years 3–7 the percentage of
responders in the seronegative population (58%–69%) was
similar to or greater than that in the seropositive population
(55%–65%; data not shown).
SFI and BILAG flare rates. In autoantibody-positive
patients, the percentage of patients experiencing all flares
and severe flares, as assessed by SFI, was similar between
placebo (85% all flares and 19% severe flares, respectively)
and belimumab (84% and 17%, respectively) during the
double-blind period. During the subsequent years of
belimumab exposure in the continuation study, the
percentage for all flares and severe flares decreased from
70% to 40% and from 7% to 2%, respectively (Figure 2B).
In patients who completed 7 years of study, the rate of any
flares (70.9% to 44.7%) and severe flares (4.9% to 1.9%)
declined from years 2–7 (data not shown). In seronegative
patients, the rate of all flares was similar to that in seropos-
itive patients over 7 years (decreasing from 84.6% to
39.1%). Rate of severe flare was lower for the seronegative
group during years 1 and 2 (10.3% and 4.5%, respectively)
and higher over years 3–7 (decreasing from 13.2% to 6.5%;
data not shown), compared with that in the seropositive
group. The annual frequency of ≥ 1 new BILAG A or ≥ 2
new B scores was highest during the double-blind period in
autoantibody-positive patients: 28% with placebo and 23%
with belimumab. In the continuation study, the BILAG
1A/2B flare rate decreased from 21% to 8% during years
2−7 (Figure 2C). In seronegative patients, rates of BILAG
1A/2B flares were somewhat higher in the first year
(31.6%), and generally declined with some variability from
Year 2 (18.2%) to Year 7 (12.8%; data not shown).
PGA improvement. The mean percentage improvement in
PGA in autoantibody-positive patients in the double-blind
period was greater with belimumab (–33%) than with
placebo (–11%) at Week 52 (p = 0.001). With all patients
taking belimumab, the PGA mean percentage change
improved (–48%) in Year 7 (Figure 2D). In seronegative
patients, the PGA response was somewhat lower in years 1
and 2 (–24.7% and –35.0%, respectively), and greater in
years 3–7 (–49.2% to –61.3%), compared with that in the
seropositive group (data not shown). 
Complement, immunoglobulin, and autoantibody levels.
Autoantibody-positive patients at baseline had normal-
ization rates of low baseline complement levels in the
double-blind period of 24% and 38% for C4 in the placebo
and belimumab groups, respectively, and of 21% for C3 in
both groups. The proportions of patients with complement
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Table 1. Demographic and disease characteristics in patients who entered
the longterm continuation study.

Characteristic All, Autoantibody Positive, 
n = 296 n = 221

Women, % 93 96
Mean age, yrs 43 41
Ethnicity, %

White 72 69
Black 22 24
Other 6 7

Mean disease duration, yrs 8.8 9.2
Mean SELENA-SLEDAI score 9.2 9.4
≥ 1 BILAG A or ≥ 2 B scores, % 64 64
Mean PGA score 1.4 1.4
Daily prednisone use
All doses, % 67 72
> 7.5 mg/day, % 33 38
Average dose, mg/day 9.9* 10.0†

Immunosuppressant use, % 50 52
Azathioprine 19 21
Methotrexate 17 15
MMF 14 17

Positive autoantibodies, %‡
ANA§ 73 94
Anti-dsDNA¶ 50 67
Anti-RNP 44 57
Anticardiolipin 26 32
Anti-Smith 19 24

Low C4 (< 16 mg/dl), % 42 50
Low C3 (< 90 mg/dl), % 28 36

In * 199 and † 159 patients taking prednisone at baseline; ‡ in patients with
baseline assessment for biomarker; § antinuclear antibody (ANA) titer ≥
1:80; ¶ anti-dsDNA ≥ 30 IU/ml. BILAG: British Isles Lupus Assessment
Group; C: complement; MMF: mycophenolate mofetil; PGA: Physician’s
Global Assessment; SELENA-SLEDAI: Safety of Estrogens in Lupus
Erythematosus National Assessment-SLE Disease Activity Index.
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Figure 2. Disease activity over time in autoantibody-positive patients treated with belimumab. (A) Systemic Lupus Erythematosus (SLE) Responder Index
response rate; (B) annual frequency of flares measured by modified SLE Flare Index (mild-moderate and/or severe); (C) annual frequency of 1 new British
Isles Lupus Assessment Group (BILAG) A or 2 new B scores; (D) mean percentage change in Physician’s Global Assessment (PGA) from baseline. *Includes
patients originally randomized to belimumab or to placebo and switched to belimumab; patients randomized to placebo are included from first belimumab
exposure; data through Year 2 include patients originally randomized to placebo or belimumab 1 or 4 mg/kg who were switched to 10 mg/kg at Week 56.
†No. patients with assessments in interval.

Figure 4. Incidence rate of most common adverse events. *Rate = (100 × no. patients starting given event in given
interval)/(total patient-years in given interval); †Patients switched from placebo to belimumab were included from
first belimumab exposure.
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normalization increased to 66% for C3 and 71% for C4
through 7 years of belimumab exposure (Figure 3A).

Concentrations of IgG and IgA were relatively stable
during the first 4 years, decreasing modestly during years
5–7 (Figure 3B). Median percentage reductions in IgM and
IgE steadily declined over 7 years of exposure. During the 7
years, the frequency of grade 3–4 hypogammaglobulinemia
[grade 3: < 400 mg/dl; grade 4: < 250 mg/dl (3 cases)]
remained low (1.1%–2.6%) and, when present, was usually
observed in patients with a baseline grade 1–3 abnormality.
Grade 3–4 hypogammaglobulinemia was not associated
with increases in serious infection rates (data not shown).
Belimumab was discontinued in 4 patients because of

hypogammaglobulinemia: 1 patient each in Year 1 (1
mg/kg; grades 0–2), Year 5 (grades 2–4), Year 6 (grades
0–2), and Year 7 (grades 2–3). There were also fewer
patients who experienced grade 3/4 lymphopenia (< 500
lymphocytes/mm3) over the 7 years of exposure, decreasing
from 22.0% to 8.4%.

Figure 3C shows the changes in IgG autoantibody levels
for anti-RNP, anti-Smith, anti-dsDNA, and anticardiolipin
among patients positive for the respective autoantibody at
baseline. These autoantibody levels generally decreased,
although with some year-to-year variability.
Corticosteroids and immunosuppressive agents. Of 449
patients entering the double-blind study, 307 (68%) were
taking corticosteroids at baseline. The corticosteroid dose
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Figure 3. Changes in serologic and medication use in patients treated with
belimumab over time. (A) Complement (C3/C4) normalization; (B) changes
in immunoglobulin (Ig) isotypes; (C) changes in IgG autoantibody levels in
patients positive at baseline; (D) changes in corticosteroid dose; and (E)
proportions of patients using corticosteroids and immunosuppressants.
Corticosteroid use was among the 283 patients treated with belimumab
taking corticosteroids at baseline. Data are based on last available 30-day
average within given 1-year interval. *Patients switched from placebo to
belimumab are included from first belimumab exposure. †No. patients with
assessments in interval; ‡Median percentage change of 0. 
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had decreased by 25% at 2 years of belimumab exposure
and by 55% at 7 years, with corresponding median absolute
reductions of 2.0 and 4.0 mg/day (Figure 3D). The
proportion of patients who increased their dose of
prednisone compared with the previous interval was
relatively constant, between 13.2% and 20.0% over years
2–7 (data not shown). The proportion of patients who
increased their prednisone dose with a mild-moderate or
severe SFI flare was 34.9% in the first year (the highest
percentage of severe flares was also observed in this year),
and declined to 21.9% in Year 7 (data not shown). During
the study period, there was a gradual decline in the
proportion of patients using corticosteroids from 79.2% to
63.7% (Figure 3E). In patients who completed 7 years of the
study, corticosteroid use decreased by 33% at Year 2 to 60%
at Year 7 and the proportion of patient corticosteroid use
declined from 73.9% at Year 2 to 65.2% at Year 7 (data not
shown). The proportion of patients taking any immunosup-
pressants remained constant in the first 4 years, but
gradually declined in years 5–7 (baseline 53.5%–39.5% in
year 7). This decline was particularly evident with
methotrexate (baseline 18.2%–10.0% in Year 7). The
proportion of patients who added a new immunosuppressant
in 1 interval compared with a previous interval was small
(0.5%–2.8%), relatively constant, and < 1.0% of patients in
years 5–7 (data not shown).
Summary of adverse events. The overall incidence rates of
AE were determined on an annual basis and either remained
stable or declined through 7 years of belimumab exposure
(Table 2). Similar to the first 4 years, mild-moderate infec-
tions were the most common AE reported in years 5–7, with
upper respiratory tract infections predominating (Figure
4)29. The serious AE (SAE) of highest incidence (5 patients

in any year) were cellulitis, transient ischemic attack, and
pneumonia, with rates generally declining over time (data
not shown for years 5–7). The most common AE (number of
patients) associated with discontinuations over 7 years were
malignancies (9), infections (7), skin disorders (6), respi-
ratory problems (5), and decreased IgG/hypogammaglobu-
linemia (4). These AE were generally distributed over 7
years, except that 4/6 in skin occurred in the first year and
3/4 had decreased IgG, one each, during years 5–7.
Deaths. Seven deaths occurred during 7 years of belimumab
exposure, with an incidence rate of 0.4/100 patient-years
(95% CI 0.16–0.83). The 5 deaths through Year 4 have been
reported29. No deaths were reported during years 5 and 6,
and 2 deaths occurred in Year 7. One patient, who had
surgery for small bowel ischemia and volvulus, and
developed worsening respiratory status postoperatively that
did not improve despite mechanical and pharmacologic
intervention, died of acute respiratory distress syndrome 3
months after the last dose of belimumab. The second patient
died of respiratory failure of unknown cause 4 months after
the last dose of belimumab. This patient had a recent history
of discitis and osteomyelitis of the thoracic spine and
aspiration pneumonia. Neither of these deaths was
considered related to belimumab by the investigator.
Infusion reactions. Rates of infusion reactions, including
hypersensitivity reactions, peaked in Year 1; the rate
decreased to 1.2/100 patient-years by Year 7 (Table 2). Two
severe and/or serious infusion reactions occurred in the first
4 years, and none occurred in years 5–7 (Table 2).
Hypersensitivity reactions were observed only in the first
year29. 
Infections. Infection rates generally decreased over 7 years
(Table 2). The rate of serious and/or severe infections
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Table 2. Adverse event incidence (rate/100 patient-years) in patients treated with belimumab*.

Interval (year) 1 (0–1), 2 (1–2), 3 (2–3), 4 (3–4), 5 (4–5), 6 (5–6), 7 (6–7),
n = 424 n = 339 n = 274 n = 248 n = 223 n = 208 n = 190

Patient-years, no. 374.0 299.1 258.1 234.2 215.8 197.6 167.0
Overall AE 413 (110.4) 322 (107.7) 260 (100.8) 237 (101.2) 211 (97.8) 191 (96.7) 172 (103.0)
Serious AE 70 (18.7) 52 (17.4) 49 (19.0) 31 (13.2) 41 (19.0) 32 (16.2) 30 (18.0)
Discontinuations due to AE 24 (6.4) 8 (2.7) 5 (1.9) 8 (3.4) 6 (2.8) 6 (3.0) 5 (3.0)
Overall infections 313 (83.7) 237 (79.2) 192 (74.4) 181 (77.3) 145 (67.2) 126 (63.8) 128 (76.6)
Serious infections 22 (5.9) 14 (4.7) 8 (3.1) 8 (3.4) 6 (2.8) 8 (4.0) 5 (3.0)
Infusion reactions including hypersensitivity† 87 (23.3) 32 (10.7) 14 (5.4) 14 (6.0) 8 (3.7) 6 (3.0) 2 (1.2)

Serious 0 0 1 (0.4) 0 0 0 0
Malignancies‡ 1 (0.3) 5 (1.7) 3 (1.2) 4 (1.7) 4 (1.9) 5 (2.5) 2 (1.2)
Mortality 3§ (0.8) 0 1 (0.4) 1 (0.4) 0 0 2 (1.2)

* Data presented as no. of patients with AE (no./100 patient-yrs) unless specified; based on no. of patients remaining on study at end of each 1-year interval;
† infusion reactions included > 160 MedDRA preferred terms (e.g., erythema, flushing, rash, urticaria) occurring on day of infusion with duration of ≤ 7 days;
hypersensitivity reactions were defined as following MedDRA preferred terms that started on day of infusion (regardless of AE duration): anaphylactic
reaction, anaphylactic shock, anaphylactoid reaction, anaphylactoid shock, angioedema, drug hypersensitivity, hypersensitivity, and tachyphylaxis; ‡ includes 
definite and unspecified solid organ, skin melanoma and non-skin melanoma, and hematologic malignancies; § in the Year 1 interval, 2 belimumab patients
died during the 52-week, double-blind period; and 1 patient treated with placebo during double-blind period and subsequently switched to belimumab 10
mg/kg died after ~ 232 days of belimumab exposure. AE: adverse events; MedDRA: Medical Dictionary for Regulatory Activities.
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peaked in Year 1 (8.3/100 patient-years) and declined in
years 2–7 (6.0–3.6/100 patient-years). Individual serious
infections occurred at a rate ≤ 2/100 patient-years in any
yearly interval, and no specific infection type predominated.
Two opportunistic infections, both in Year 4, were
reported29; none were reported in years 5–7.
Malignancies. Malignancies (excluding nonmelanoma skin
cancers) occurred at a rate of 0.7/100 patient-years (95% CI
0.4–1.27) during the 7 years. In the first 4 years of exposure,
2 solid organ cancers, 2 hematologic malignancies, and 7
nonmelanoma skin cancers were reported29. In years 5–7,
seven solid organ cancers [including breast cancer/breast
cancer in situ (1 each in years 5, 6, and 7), colon cancer
(Year 5), malignant melanoma (Year 5), renal cell carcinoma
(Year 5), and lung neoplasm (Year 6)] were reported. Four
nonmelanoma skin cancers were reported in years 5–7: three
squamous cell carcinomas (2 in Year 6, and 1 in Year 7) and
1 basal cell carcinoma (Year 6); the average age of these
patients was ~59 years.

DISCUSSION
Our report describes the efficacy and safety data in patients
with SLE exposed to belimumab and standard SLE therapy
over 7 years. Patients initially entered the trial with
moderate-severe SLE disease activity. Standard therapy was
continued as needed alongside belimumab, with no thera-
peutic modifications mandated to physicians or patients.
This is the longest reporting period from an ongoing trial of
a biologic agent for patients with SLE. Over 7 years, there
was a low discontinuation rate, with malignancy and infec-
tions the most common causes. The low frequency of AE
was likely attributed to a sustained reduction in disease
activity as measured by SRI or PGA, low rates of all flares
or severe SLE flares, and improvement in serologic activity.
The annual rates of all AE per 100 patient-years, including
SAE, infections, hypersensitivity reactions, malignancy, and
deaths, generally remained stable or declined over 7 years.
However, the occurrence of specific types of AE or SAE
varied over time, so vigilance should be maintained for new
SAE and new or renewed severe SLE disease manifestations
over time.

The mortality rate of 0.4/100 patient-years observed in
the longterm continuation study of belimumab is below the
rate of 1.63 reported for SLE37, although the historical rate
may be an overestimate given decreases in SLE mortality
rates seen over time, and because patients in a clinical trial
may be followed and monitored differently from those in a
practice setting38. Notably, there was no apparent increased
risk of mortality associated with belimumab treatment over
7 years. The malignancies (excluding nonmelanoma skin
cancer) observed in this study are consistent with those
expected in an SLE population largely composed of women,
and the malignancy rate (0.7/100 patient-years) is similar to
the background rate reported in patients with SLE (0.53/100

patient-years)2. In the continuation study, serious infusion
and hypersensitivity reactions and opportunistic infections
were rare. Hypogammaglobulinemia was infrequent and led
to discontinuation of belimumab in 4 patients over 7 years.
During 7 years of belimumab treatment, no new safety
concerns emerged. The data in this longterm analysis are
consistent with the findings in the phase II and III
placebo-controlled belimumab trials, i.e., no specific
patterns of infections and no increase in the incidence or
severity of AE24,25,26,29.

Several novel targeted biological therapies have been
studied for the treatment of SLE with the hypothesis that
targeted immune modulators may be safer than global
immunosuppression, especially regarding serious infec-
tions39,40. As noted previously, high-dose corticosteroids are
associated with significant morbidity7,8,9. Corticosteroid use
decreased over time, with a 55% reduction in dose for
patients who remained on study for 7 years. In contrast,
13%–20% of patients increased their corticosteroid dose in
a given interval compared with a previous interval during
the 7-year study. Generally, corticosteroid sparing is likely
to be beneficial in the treatment of patients with SLE. The
longterm side effects of corticosteroid therapy are well
documented, with corticosteroid-related damage found to
accumulate with longterm (15-year) therapy in another
study10. Additionally, in the present study, the overall
immunosuppressive agent use was fairly constant over the
first 4 years; the proportion of patients taking immunosup-
pressants declined in years 5–7. Fewer than 3% of patients
added a new immunosuppressant in an interval during years
2–7 compared with the previous interval.

Autoantibody-positive patients with SLE who were
treated with belimumab plus standard therapy had sustained
disease control, and decreased and stabilized frequency of
all flares and severe flares, over 7 years. The annual rate of
severe SFI or BILAG flares after 2 years of belimumab
therapy was decreased by > 50% through 7 years compared
with the first year flare rate with placebo. Disease activity
reduction as measured by SRI and PGA remained stable
following 2–7 years of therapy, and patients who had 7 years
of continual belimumab plus standard therapy had similar
findings in the completer analysis. The normalization of
complement and decreases in autoantibody levels achieved
over 7 years are important because these biomarkers have
been associated with increased risk of renal disease and
severe SLE flares. The reductions in disease activity and
flares coincided with improvement in serologic activity and
reduction in corticosteroid dose. The small group of
seronegative patients had a somewhat lesser response for
SRI and PGA in the first and second years of belimumab
treatment compared with the response of seropositive
patients. During years 3–7, responses were slightly better in
the seronegative group than in the seropositive group. With
regard to rates of SLE flare, the 2 groups had similar rates
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of any SFI flare over 7 years. Rates of severe and BILAG
1A/2B flares in seronegative patients were more variable
over time, but usually somewhat higher overall than in
seropositive patients over 7 years.  

These data have some limitations. The population that
entered the longterm continuation study and continued
throughout 7 years was potentially enriched with patients
who responded to or tolerated belimumab. There was no
matched-control group to directly compare the longterm
safety and efficacy data. The discontinuation rate due to AE
or infections was low and declined over time. 

Although this reflects a survivor bias, the data suggest
that most patients avoided major AE with belimumab for ≥
1 year; once they reached the 1-year milestone, the
likelihood of continuing to do well for up to 7 years
increased. The population who participated in the continu-
ation study had similar demographic and other baseline
characteristics to the population enrolled in the double-blind
study, addressing the risk of selection bias at the start of the
study24. In addition, the baseline demographics of the
autoantibody-positive patients with SLE were similar to
those of the entire study population except for a greater
proportion of patients with serologic activity (presence of
autoantibodies and/or low C3/C4) at baseline. Finally, all
SLE flares and severe flares were collected by SFI any time
during the trial, and flares defined at each visit as new
BILAG 1A/2B were also recorded. Because the visits were
16 weeks apart in the extension, the reduced frequency of
patient assessments for disease activity and flare may have
led to underreporting of the actual number of SLE flares,
particularly mild flares, which could come and go between
visits without being recorded. 

These data show that belimumab administered over the
long term with standard therapy was generally well
tolerated, and sustained disease control was maintained for
up to 7 years in patients with active SLE at baseline. These
data can provide the benchmark of longterm clinical data to
develop more effective and better-tolerated SLE combi-
nation therapeutic strategies.
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