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Safety data were pooled and analyzed from one phase 2 and two phase 3 double-blind,
placebo-controlled, repeat-dose systemic lupus erythematosus (SLE) trials of belimumab 1,
4 (phase 2 only), and 10mg/kg. Types and rates of adverse events (AEs) were similar across
treatment groups. Rates of patients experiencing any serious AE were 16.6%, 19.5%, 13.5%,
and 18.0% with placebo, and belimumab 1, 4, and 10mg/kg, respectively; rates of serious
infusion reactions (including hypersensitivity reactions) occurring on the same days as infu-
sions were 0.4%, 0.9%, 0%, and 0.9%, and rates of serious infections were 5.5%, 7.1%, 6.3%,
and 5.3%. Malignancy rates/100 patient-years (excluding non-melanoma skin cancer) were
0.29 with placebo vs. 0.20 with all belimumab doses combined; mortality rates/100 patient-
years were 0.43 vs. 0.73. These data support the conclusion that belimumab in combination
with standard SLE therapy was generally well tolerated in a predominantly autoantibody-
positive population with active SLE. ClinicalTrials.gov identifiers: LBSL02: NCT00071487;
BLISS-52: NCT00424476; BLISS-76: NCT00410384. Lupus (2013) 22, 144–154.
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Background

Systemic lupus erythematosus (SLE) is a chronic
multisystem autoimmune disorder characterized
by autoantibody production, abnormal lymphocyte
function, and chronic inflammation.1,2 Despite
improvements in survival in recent decades, SLE
remains associated with significant mortality stem-
ming, in part, from an increased risk of death from
infection, heart disease, or certain malignancies,
particularly hematologic cancers (e.g. non-
Hodgkin’s lymphoma) and lung cancer. Standard
SLE therapies may contribute to these risks.3–6

Systemic lupus erythematosus results in poorer

health-related quality of life compared with the
general population.4,7

Belimumab is a human immunoglobulin
(Ig)-G1� monoclonal antibody that inhibits the
survival of autoreactive B cells by preventing the
B-cell survival factor, B-lymphocyte stimulator
(BLyS), from binding to its receptors on B cells.1

Binding of BLyS to B cells during late stages
of B-cell maturation is required for these cells to
survive and undergo further differentiation.
Autoreactive B cells are particularly dependent on
soluble BLyS for survival and are generally elimi-
nated in an environment with low BLyS levels;
however, in a milieu with high BLyS levels, these
cells may bind BLyS and survive.8,9 Elevated serum
levels of soluble BLyS protein correlate with SLE
disease activity.10

Two phase 3 trials – BLISS-52 and BLISS-76 –
demonstrated a significantly greater proportion of
responders (using the SLE Responder Index)
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treated with belimumab plus standard SLE therapy
than with placebo plus standard therapy.11,12

This analysis presents pooled safety data from
these phase 3 trials and also the phase 2 double-
blind trial.11–13

Patients and methods

In all, 1458 patients were exposed to belimumab 1, 4,
or 10mg/kg during the phase 2 and 3 clinical trials.
The safety data presented are derived from the ran-
domized controlled portions of the three trials, as
well as an 8-week follow-up visit for patients who
dropped out before trial completion or chose not
to participate in the continuation studies. The long-
term extension studies for patients who satisfactorily
completed these trials are ongoing and not included
in this analysis, except for pregnancy data, which
includes long-term extension data through 31
December 2010.

Analyses were performed on data from the mod-
ified intention-to-treat population, meaning the
subset of all randomized patients who received at
least one dose of belimumab, in the three double-
blind, controlled, repeat-dose SLE trials, unless
otherwise specified.

Study designs

The phase 2 double-blind study (N¼ 449 rando-
mized) was conducted at 59 sites in the United
States and Canada, and included patients with
active SLE (defined as a score �4 on the Safety
of Estrogens in Lupus Erythematosus National
Assessment–SLE Disease Activity Index
[SELENA-SLEDAI]).13 Patients were randomized
to receive either placebo, or belimumab 1, 4, or
10mg/kg for 52 weeks, plus standard therapy.
The belimumab 4-mg/kg dose was administered
only in the phase 2 trial; therefore, the safety of
this dose can only be evaluated within the context
of that study (as reported by Wallace et al).13

BLISS-52 (N¼ 865) enrolled patients from 90
centers in 13 countries in Latin America, the
Asia-Pacific region, and Eastern Europe; BLISS-
76 (N¼ 819) enrolled patients from 136 centers in
19 countries in Europe and North/Central
America.11,12 The enrollment criteria for the two
trials included patients with active SLE (defined
as a score �6 on SELENA-SLEDAI) who were
autoantibody-positive, on stable standard therapy
for �30 days, and without severe active lupus neph-
ritis or central nervous system lupus. Patients were
randomized to receive placebo, or belimumab 1 or

10mg/kg, plus standard therapy, for 52 (BLISS-52)
or 76 (BLISS-76) weeks.

Institutional review boards or ethics committees
at each institution reviewed and approved the
respective studies.11–13 All patients signed informed
consent forms. Studies were conducted in compli-
ance with the International Conference on
Harmonisation Guideline for Good Clinical
Practice, in accordance with the principles for pro-
tecting human subjects originating in the Helsinki
Declaration. Data safety monitoring was per-
formed by independent external data monitoring
committees.

In the belimumab clinical program, certain
adverse events (AEs) of special interest were pre-
specified and monitored: infusion and hypersensi-
tivity reactions, infections, and malignancies.11–13

Infusion reactions were defined as any of a prede-
termined set of Medical Dictionary for Regulatory
Activities preferred terms that occurred on the day
of an infusion (and resolved within 7 days), plus
hypersensitivity reactions. The prespecified group
of terms defining infusion reactions was broad
and included AEs that perhaps would not be con-
sidered classic infusion reactions (e.g. headache,
nausea, and arthralgia).

Results

Baseline characteristics and concomitant medications

Baseline revised American College of
Rheumatology SLE classification criteria, as well
as patient and disease characteristics, were similar
across treatment groups (Table 1).14 Of the 11 cri-
teria comprising this classification, 98% of patients
were antinuclear antibody positive, 90% had arth-
ritis, 76% had an immunologic disorder, 71% had
malar rash, 69% had photosensitive rash, 54% had
a hematologic disorder, 51% had oral or nasal
ulcer, 30% had a renal disorder, 23% had discoid
rash, and 6% had seizure or psychosis. The major-
ity of patients were receiving �2 concomitant
SLE medications. The most common concomitant
medications used in these patients were as fol-
lows: corticosteroids (83%), antimalarials (66%),
immunosuppressives (49%), non-steroidal anti-
inflammatory drugs (35%), and angiotensin path-
way antihypertensives (23%).

The average baseline doses of corticosteroids,
and the proportions of patients receiving any cor-
ticosteroids and >7.5-mg/d doses are provided in
Table 1. Changes in corticosteroid use during the
course of the phase 2 and 3 trials were reported in
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Table 1 Baseline demographics and disease characteristics

Standard therapy þ

Placebo
(n¼ 675)

Belimumab
1mg/kg (n¼ 673)

Belimumab
4mg/kga (n¼ 111)

Belimumab 10mg/kg
(n¼ 674)

Mean age� SD, y 38.8� 11.9 38.2� 11.5 42.6� 10.7 38.5� 11.4

Woman, % 92.4 93.8 94.6 95.5

Race, %

Caucasian 51.9 52.0 68.5 50.1

Asian 17.8 17.1 0.9 19.4

Black 11.0 10.7 27.9 11.6

Hispanic/Latino origin, % 32.4 32.7 21.6 31.6

Alaska Native or American Indian from
North/Central/South America, %

19.0 20.1 2.7 18.7

Native Hawaiian or other Pacific Islander, % 0.4 0.1 0 0.1

Region, %

US/Canada 38.2 40.0 100.0 36.6

Americas, excluding US/Canada 25.9 25.1 0 25.5

Asia 15.3 15.8 0 17.1

Western Europe/Australia/Israel 10.4 10.1 0 11.7

Eastern Europe 10.2 9.1 0 9.1

Baseline disease activity

Mean SLE disease duration, y 6.9� 6.7 6.8� 6.4 10.1� 9.2 6.5� 6.8

Mean SELENA-SLEDAI score�SD 9.7� 4.1 9.7� 3.9 9.4� 4.7 9.7� 3.8

Score �10, %b 53.0 52.8 51.9 51.9

Mean PGA score�SD 1.5� 0.5 1.5� 0.5 1.5� 0.5 1.4� 0.5

BILAG organ involvement, %

�1 A or �2 B scores 62.5 62.1 64.9 61.7

�1 A score 16.3 17.2 18.9 14.2

Mean SLICC Damage Index� SDc 0.8� 1.2 0.8� 1.3 – 0.7� 1.2

Proteinuria (�2 g/24 h)b 6.0 5.7 2.7 6.4

ANA �1:80, % 89.0 90.5 74.5 88.3

Anti-dsDNA �30 IU/mL, % 64.7 67.0 47.7 66.8

Mean IgG (g/L)� SD 16.1� 6.1 16.1� 6.4 13.9� 5.1 16.0� 5.9

>16.2 g/L, % 41.9 41.3 29.7 40.8

Mean IgA (g/L)� SD 3.1� 1.5 3.1� 1.5 2.8� 1.6 3.1� 1.5

Mean IgM (g/L)� SD 1.1� 0.8 1.1� 0.7 1.3� 1.0 1.2� 0.8

Low C3 (<90mg/dL) 41.0 42.8 27.9 44.1

Low C4 (<16mg/dL) 51.1 54.5 36.9 55.0

Baseline medication use

Glucocorticoid use, % 84.4 84.0 65.8 81.8

Mean dose� SD, mg/kg (prednisone or equivalent) 10.5� 8.8 10.2� 8.5 7.0� 9.9 10.2� 9.2

>7.5mg/d, % (prednisone or equivalent) 54.7 56.2 31.5 53.6

Antimalarial use, % 69.0 66.3 64.9 63.8

Other immunosuppressants, % 49.0 48.3 53.2 48.7

Azathioprine 21.6 20.7 20.7 24.2

Methotrexate 16.0 14.1 18.0 11.3

Mycophenolate mofetil 10.7 11.3 14.4 11.7

ANA: antinuclear antibody; anti-dsDNA: anti-double-stranded DNA; BILAG: British Isles Lupus Assessment Group; C: complement; PGA:

Physician Global Assessment; SD: standard deviation; SELENA-SLEDAI: Safety of Estrogens in Lupus Erythematosus National Assessment–

Systemic Lupus Erythematosus Disease Activity Index; SLE: systemic lupus erythematosus; SLICC: Systemic Lupus International Collaborating

Clinics.
aThe belimumab 4-mg/kg dose was administered only in the phase 2 trial; therefore, the safety of this dose can only be evaluated within the context

of that study (as reported by Wallace et al13).
bStratification factors used in phase 3 studies only: placebo, n¼ 562; 1mg/kg, n¼ 559; 10mg/kg, n¼ 563.
cSLICC Damage Index score was not collected in the phase 2 trial.
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the original manuscripts detailing the primary
safety and efficacy results.11–13 In all three trials,
there was indication of corticosteroid sparing with
belimumab treatment compared with standard SLE
therapy alone.

Study drug exposure and patient disposition

Of the 1458 patients who received at least one dose
of belimumab 1, 4, or 10mg/kg during the double-
blind phases of the three trials, 78.3% completed
the trial period (Table 2). Adverse events were the
most common reason for withdrawal, with similar
rates across treatment groups. The types of AEs
most frequently leading to treatment discontinu-
ations were renal disorders (1.2%, 0.9%, 0%, and
1.2% with placebo, and belimumab 1, 4, and
10mg/kg, respectively), infections (1.2%, 0.7%,
0.9%, and 0.6%), neurologic disorders (0.6%,
0.7%, 0%, and 1.0%), and skin disorders (0.9%,
0.4%, 0.9%, and 0.7%). The most frequent AEs
leading to discontinuation occurring in �5 patients
across all treatment groups were lupus nephritis
(1.2%, 0.6%, 0%, and 0.9% with placebo, and beli-
mumab 1, 4, and 10mg/kg, respectively) and infu-
sion-related reactions (0.1%, 0.3%, 0%, and
0.7%).

Incidence of adverse events

Table 3 lists incidence rates of overall AEs, severe
and serious AEs, deaths, most common AEs, and
AEs of special interest. More than 90% of patients

had at least one AE, with similar rates across treat-
ment groups. Most AEs were mild or moderate in
severity. Treatment groups did not differ in the inci-
dence of overall AEs, treatment-related AEs, severe
or serious AEs, or AEs resulting in treatment
discontinuations.

The rates of serious AEs were 16.6%, 19.5%,
13.5%, and 18.0% with placebo, and belimumab
1, 4, and 10mg/kg, respectively. The most
common serious AEs (i.e. those occurring in
�1% of patients in any treatment group) were
pneumonia, urinary tract infection, lupus ne-
phritis, pyrexia, and cellulitis. Serious cases of
pyrexia (1.3% vs. 0.4%) and anemia (0.9% vs.
0.3%) occurred more frequently with belimumab
10mg/kg vs placebo, were usually (65%–70%)
associated with SLE flares across treatment
groups, and were generally thought to be unre-
lated to study drug. The rate of grade 3/4
hemoglobin reductions occurring during the
trials was lower with belimumab 10mg/kg vs.
placebo (1.6% vs. 4.9%), and 50%–60% of
patients with serious anemia or grade 3/4 hemo-
globin reductions had a medical history of
anemia.

Infusion and hypersensitivity reactions

Of patients experiencing infusion reactions
(including hypersensitivity), 14.7% were treated
with placebo, and 16.8%, 23.4%, and 16.9% with
belimumab 1, 4, and 10mg/kg, respectively

Table 2 Patient disposition

Standard therapy þ

Placebo
(n¼ 675), %

Belimumab 1mg/kg
(n¼ 673), %

Belimumab 4mg/kga

(n¼ 111), %
Belimumab 10mg/kg
(n¼ 674), %

Completed placebo-controlled period 74.8 78.2 84.7 77.4

Withdrawn during placebo-controlled period 25.2 21.8 15.3 22.6

AE 7.0 6.2 3.6 6.8

Patient request 6.1 5.1 6.3 4.5

Disease progression/lack of efficacy 5.5 3.9 0 4.5

Protocol violation 1.9 1.2 0 1.3

Lost to follow-up 1.2 1.8 0 1.3

Lack of compliance 1.3 0.9 2.7 0.9

Investigator decision 0.9 0.7 0 1.0

Other 1.3 2.1 2.7 2.2

Pregnancyb 0.9 2.5 0.1 3.1

AE: adverse event.
aThe belimumab 4-mg/kg dose was administered only in the phase 2 trial; therefore, the safety of this dose can only be evaluated within the context

of that study (as reported by Wallace et al13).
bAs of December 31, 2010; includes data from 1158 patients treated with belimumab 10mg/kg in the phase 2 and 3 placebo-controlled periods of

the phase 2 and 3 trials, and the respective extension studies (note: additional pregnancies may not have been listed as ‘‘withdrawals due to

pregnancy,’’ but rather as AEs using Medical Dictionary for Regulatory Activities codes for pregnancy, withdrawals due to investigator decisions,

or as cases of spontaneous abortions or pregnancy lost to follow-up).
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Table 3 Adverse events

Standard therapy þ

Placebo
(n¼ 675), %

Belimumab 1mg/kg
(n¼ 673), %

Belimumab 4mg/kga

(n¼ 111), %
Belimumab 10mg/kg
(n¼ 674), %

Overview

�1 AE 92.7 93.3 96.4 93.0

�1 serious AEb 16.6 19.5 13.5 18.0

�1 severe AEc 15.9 15.9 23.4 15.4

�1 serious and/or severe AEb,c 22.4 24.1 28.8 23.3

Death 0.4 0.7 0 0.9

Common AEs (occurring in �10% in any treatment group)

Headache 20.7 21.2 27.0 21.5

Upper respiratory tract infection 20.4 19.3 32.4 17.7

Arthralgia 17.3 15.5 28.8 16.8

Nausea 12.6 13.4 19.8 15.1

Urinary tract infection 12.7 14.3 17.1 13.4

Diarrhea 9.9 12.2 20.7 12.2

Fatigue 10.5 10.5 29.7 9.8

Serious AEs (occurring in �1% in any treatment group)b

Pneumonia 1.5 1.0 0.9 0.9

Urinary tract infection 0.7 1.0 0.9 0.7

Lupus nephritis 0.7 0.7 0 1.0

Pyrexia 0.4 0.7 0 1.3

Cellulitis 0.3 1.0 0.9 0.1

Infusion and hypersensitivity reactionsd

All infusion/hypersensitivity AEs 14.7 16.8 23.4 16.9

Seriousb 0.4 0.9 0 0.9

Resulting in discontinuation 0.3 0.6 0.9 1.0

All hypersensitivity AEs 0.1 1.3 1.8 0.4

Seriousb 0 0.3 0 0.3

Resulting in discontinuation 0 0.3 0.9 0.3

Infections

�1 infection 67.4 71.9 79.3 70.8

�1 serious infectionb 5.5 7.1 6.3 5.3

�1 severe infectionc 3.4 3.9 5.4 2.7

Infection resulting in discontinuation 1.2 0.7 0.9 0.6

Infection resulting in death 0.1 0.1 0 0.4

Infections of special interest

Cellulitis 6.7 8.9 8.1 6.4

Sepsis 0.4 0.6 0.9 0.7

Fungal 3.4 3.1 3.6 2.5

Herpes virus 8.0 8.3 4.5 6.8

All respiratory 49.5 52.0 59.5 53.0

Upper respiratory 44.4 45.0 55.0 45.8

Lower respiratory 8.9 11.9 11.7 12.3

Pneumonia 2.7 3.3 1.8 2.4

Opportunistic 0 0 0 0.3e

Other AEs of special interest

Malignant neoplasmf 0.3 0.7 0 0.4

Psychiatric disorder 12.4 16.0 22.5 15.9

Serious psychiatric disorderb 0.4 0.6 0 1.2

Depression 4.0 6.2 10.8 5.8

Serious depressionb 0.1 0.4 0 0.4

Suicide 0 0.1 0 0.1

Insomnia 5.5 6.1 4.5 7.0

Anxiety 2.8 4.5 6.3 2.2

Laboratory abnormalities (grade 3/4 in >2% in any treatment group), %

White blood cells (<1999mm3) 3.7 2.7 4.5 4.2

Lymphocytes (<500/mm3) 26.2 27.9 21.6 27.0

Neutrophils (<999/mm3) 5.5 5.1 9.0 5.2

Hemoglobin (<8.0 g/dL) 4.9 3.6 4.5 1.6

(continued)
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(Table 3). Serious and/or severe infusion reactions
occurred in 0.6% of patients with placebo, and
1.2%, 0%, and 1.2% with belimumab 1, 4, and
10mg/kg, respectively. Most infusion reactions
occurred during the first two infusions; the highest
incidence occurred with the first infusion (4.1%
with placebo, and 5.8% with belimumab 1mg/kg,
5.4% with 4mg/kg, and 7.3% with 10mg/kg) and
declined with each subsequent infusion, whereas
the incidence of all infusion reactions after the
second dose was similar across treatment groups
(0.9%–1.0%). There was one serious infusion reac-
tion that occurred after the second dose (in the
belimumab 1-mg/kg group following the third
dose). Infusion reactions were not dose related. In
a patient treated with belimumab 1mg/kg, a serious
infusion reaction of headache, myalgia, and ery-
thematous skin rash occurred 3 h after completing
the second infusion, and the patient was not rechal-
lenged. Most infusion reactions were mild to mod-
erate in severity and were managed with routine
care (e.g. antihistamines, antipyretics). The most
common infusion reactions with placebo, and beli-
mumab 1, 4, and 10mg/kg, respectively, were head-
ache (4.0%, 3.7%, 5.4%, and 3.6%), nausea (2.8%,
2.5%, 5.4%, and 3.3%), pruritus (0.4%,

0.4%, 1.8%, and 0.4%), and erythematous rash
(0.1%, 0.1%, 0%, and 0.3%). Two reported hyper-
sensitivity reactions that occurred beyond the day
of infusion were considered related to belimumab
treatment: one patient treated with 1mg/kg experi-
enced symptoms of nausea, fatigue, body pain,
headache, leg weakness, and rash 7 days after the
seventh infusion, which led to discontinuation.
Another patient treated with belimumab 10mg/kg
reported angioedema 39 days after the eighth infu-
sion and continued on study.

Serious and/or severe hypersensitivity reactions
(i.e. anaphylaxis, angioedema, and drug hypersen-
sitivity) were reported in four patients receiving
belimumab (two each in the 1- and 10-mg/kg
groups). All four reactions occurred during the 2-
h administration of the first dose, and all of these
patients discontinued belimumab. Three of these
cases were managed successfully with antihista-
mines and/or corticosteroids. One of these patients
was taken to the emergency department with ana-
phylaxis and angioedema, and was treated with
chlorpheniramine, methylprednisolone, ondanse-
tron, subcutaneous epinephrine, oxygen, and para-
cetamol; the anaphylactic reaction resolved on the
day of onset, and the angioedema began improving

Table 3 Adverse events (continued)

Standard therapy þ

Placebo
(n¼ 675), %

Belimumab 1mg/kg
(n¼ 673), %

Belimumab 4mg/kga

(n¼ 111), %
Belimumab 10mg/kg
(n¼ 674), %

Prothrombin time (>1.5�ULN) 8.4 9.8 19.8 9.3

g-glutamyl-transferase (>5�ULN) 4.3 2.8 4.5 3.9

Protein/creatinine ratio (>2mg/mg) 12.1 11.1 6.3 11.7

Proteinuria (>2-g loss/24 h) 3.0 1.6 0 2.8

Immunoglobulin shifts from high/normal to low, %

IgG (<LLN [6.94 g/L]) 2.9 (n¼ 665) 5.4 (n¼ 662) 4.6 (n¼ 108) 6.6 (n¼ 665)

IgG <400–250mg/dLg 0.2 0.2 0 0.2

IgA (<LLN [0.81 g/L]) 1.2 (n¼ 653) 2.0 (n¼ 651) 3.7 (n¼ 108) 2.7 (n¼ 659)

IgM (<LLN [0.48 g/L]) 6.3 (n¼ 652) 17.7 (n¼ 651) 21.3 (n¼ 108) 19.9 (n¼ 658)

AE: adverse event; Ig: immunoglobulin; LLN: lower limit of normal; ULN: upper limit of normal.
aThe belimumab 4-mg/kg dose was administered only in the phase 2 trial; therefore, the safety of this dose can only be evaluated within the context

of that study (as reported by Wallace et al13).
bSerious refers to an AE that results in death, an immediate threat to life, inpatient hospitalization, prolongation of an existing hospitalization,

persistent or significant disability/incapacity, or a congenital anomaly/birth defect, or that is medically important.
cSevere refers to a grade 3/4 AE.
dInfusion reactions (comprising >70 preferred terms in 13 organ system classes) occurring on the day of infusion that resolved within 7 days, or

hypersensitivity reactions (comprising the preferred terms anaphylactic reaction and shock, angioedema, drug hypersensitivity, hypersensitivity,

and tachyphylaxis) occurring on the day of infusion irrespective of resolution date.
e1 report of Acinetobacter bacterium and 1 of disseminated cytomegalovirus.
fIncluded 1 basal-cell carcinoma and 1 carcinoid tumor of the stomach with placebo; 1 squamous-cell carcinoma of skin, 1 breast cancer, 1 cervical

carcinoma (stage 0), 1 ovarian cancer (diagnosed with advanced disease on day 21), and 1 thyroid neoplasm with belimumab 1mg/kg; and

2 squamous-cell carcinoma of skin and 1 basal-cell carcinoma with 10mg/kg.
gGrade 3 hypogammaglobulinemia, with no cases of grade 4 (<250mg/dL).
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within 1 day and was considered resolved within 11
days. None of these patients had anti-belimumab
antibodies. Another patient treated with belimu-
mab 1mg/kg experienced allergy-related edema of
the lungs during the third infusion, which may rep-
resent a hypersensitivity reaction. Symptoms
resolved within 5 h. This patient discontinued
belimumab.

Infections

Infection was the most commonly reported AE.
The most frequent infections were upper respira-
tory tract infections, urinary tract infections, naso-
pharyngitis, sinusitis, bronchitis, and influenza.
Infection rates were similar across treatment
groups (Table 3). Lower respiratory tract infections
were more common with belimumab vs. placebo
(11.7%–12.3% vs. 8.9%), although rates of pneu-
monia were similar (1.8%–3.3% vs. 2.7%).

The most frequently reported serious infections
(i.e. occurring in �3 patients in any treatment
group) were pneumonia, urinary tract infections,
cellulitis, bronchitis, herpes zoster, and pyelone-
phritis. Incidence rates of serious infections/100
patient-years were comparable between placebo
(5.35 [95% confidence interval (CI) 3.77–7.37])
and belimumab (6.00 [4.83–7.37]).). There was an
increase in serious and/or severe infections in
patients treated with immunosuppressives
(including mycophenolate mofetil) and/or predni-
sone compared with patients not treated with
those agents. Incidences of infections and serious
and/or severe infections were, however, generally
similar across all treatment groups with or without
immunosuppressives (including mycophenolate
mofetil) and/or prednisone.

Three opportunistic infections were reported in
two patients treated with belimumab 10mg/kg and
one patient with 1mg/kg. All three cases were con-
sidered serious. In the belimumab 10-mg/kg group,
a disseminated cytomegalovirus infection devel-
oped on day 62 and resolved after 52 days, and
an Acinetobacter bacteremia noted on day 15
resolved after 28 days. This patient continued on
study. The patient treated with belimumab 1mg/kg
had a serious bacterial pneumonia (Acinetobacter
iwolfii) on day 1 (which, therefore, was not con-
sidered related to belimumab). It resolved with
antibiotic treatment and the patient continued on
study.

Infection was reported as the cause of death in
one patient treated with standard therapy alone
and four treated with belimumab. Three of the
four infection-related deaths with belimumab

involved sepsis and one was related to infectious
diarrhea. The infection-related mortality rates per
100 patient-years were 0.14 (95% CI 0.00–0.81; 692
patient-years) with placebo and 0.26 (95% CI 0.07–
0.68; 1516 patient-years) with belimumab 1, 4, and
10mg/kg.

Malignancies

Three cases of malignancy occurred with placebo
(breast, gastric, and skin-basal cell), four with beli-
mumab 1mg/kg (one each of breast, cervical, ovar-
ian, and skin-squamous cell), zero with 4mg/kg,
and three with 10mg/kg (one skin-basal cell and
two skin-squamous cell). There was a thyroid neo-
plasm reported in a patient treated with belimumab
1mg/kg that was not specified as malignant or
benign; malignancy is unlikely since it was con-
sidered non-serious, no anticancer therapy was
initiated, and belimumab treatment was continued.

The malignancy rates per 100 patient-years
(excluding non-melanoma skin cancer) were com-
parable between patients treated with placebo (692
patient-years; rate 0.29 [95% CI 0.04–1.04]) and
belimumab 1, 4, and 10mg/kg (1516 patient-
years; rate 0.20 [0.04–0.58]).

Psychiatric adverse events

Psychiatric AEs were reported more frequently
with belimumab treatment than with standard ther-
apy alone, driven primarily by depression-related
AEs, insomnia, and anxiety (Table 3). There was
a similar approximate two-fold greater likelihood
across all treatment groups of developing a psychi-
atric disorder during the study if the patient had a
medical history of psychiatric disorder, depression,
anxiety, or insomnia, but not with a central nervous
system medical history (data not shown). Serious
psychiatric and depression AEs were reported at
higher frequencies with belimumab than with
standard therapy alone. One completed suicide
each was reported in the belimumab 1- and
10-mg/kg groups. It should be noted that the
rates of selective serotonin reuptake inhibitor
use at baseline were 11.9%, 14.3%, 27.9%, and
13.4% with placebo, and belimumab 1, 4, and
10mg/kg, respectively; the corresponding rates of
other antidepressant use were 8.3%, 7.7%,
12.6%, and 8.0%.

Laboratory abnormalities

The incidence rates of severe laboratory abnormal-
ities were similar across treatment groups (Table 3).
As expected, lymphopenia (<500 lymphocytes/mm3)

Belimumab safety analysis in SLE
DJ Wallace et al.

150

Lupus

 at PENNSYLVANIA STATE UNIV on April 9, 2016lup.sagepub.comDownloaded from 

http://lup.sagepub.com/


was the most frequent severe laboratory abnormal-
ity. The rates of severe prolonged prothrombin time
(>1.5 times the upper limit of normal) were similar
across treatment groups within each study (8%,
10%, 20%, and 9% with placebo, and belimumab
1, 4, and 10mg/kg, respectively) and may have been
related to the intake of warfarin among these
patients.

Immunoglobulins

Reductions in IgG, IgA, and IgM are expected
pharmacologic effects of belimumab. Shifts in IgG
and IgA to below the lower limit of normal were
infrequent, although more common with belimu-
mab (Table 3). For IgG, shifts to below the lower
limit of normal occurred in 5%–7% of patients
treated with belimumab vs. 3% with placebo; no
patients in the belimumab 4-mg/kg group and one
patient in each of the other treatment groups
had a shift to grade 3 hypogammaglobulinemia.
Shifts in IgM from high or normal at baseline to
below the lower limit of normal occurred in a
higher proportion of patients treated with belimu-
mab (18%–21%) than with placebo (6%). Patients
with immunoglobulin levels below the lower limit
of normal did not have an increased rate of
infection.

Mortality

Fourteen deaths were reported during the blinded,
randomized portions of the phase 2 and 3 trials:
three with placebo, five with belimumab 1mg/kg,
none with 4-mg/kg, and six with 10mg/kg. Another
death, due to respiratory arrest, was reported in the
belimumab 1-mg/kg group 104 days after the

patient discontinued treatment due to acute renal
failure on day 112. This death was considered SLE
related by the investigator. Of the three deaths in
the placebo group, one was due to unknown cause,
one to infection, and one to cardiovascular disease.
Of the 11 deaths with belimumab treatment, four
were due to infections, one to SLE, two to suicides,
and one each to cardiac disorder, cerebrovascular
disorder, malignancy, and unknown cause.

The mortality rates per 100 patient-years in the
phase 2 and 3 SLE trials were 0.43 (95% CI 0.09–
1.27; 692 patient-years) with placebo and 0.73
(95% CI 0.36–1.30; 1516 patient-years) with beli-
mumab 1, 4, and 10mg/kg.

Pregnancy

Table 4 reports outcomes of pregnancies in the
phase 2 and 3 trials, and their continuation studies.
Of six pregnancies occurring with placebo, three
ended in fetal loss, and three were electively termi-
nated. Of 54 pregnancies with belimumab, 21
resulted in live births and 13 ended in fetal loss;
an additional 10 pregnancies were electively termi-
nated, six were ongoing, and the outcomes in four
were unknown. Two of the live births with belimu-
mab had congenital abnormalities: one had a
chromosomal abnormality present in the mother,
and the other had Dandy Walker Syndrome (con-
genital brain malformation involving the cerebel-
lum and 4th ventricle). Approximately half of the
pregnancy group receiving placebo and one-third
receiving belimumab tested positive for anticardio-
lipin antibodies, and had higher rates of fetal loss
(66.7% vs. 50.0% with placebo and 53.8% vs.
29.6% with belimumab).

Table 4 Pregnancy

Placebo (n¼ 624)a
All belimumab
(n¼ 1942)b

Pregnancies with known outcomes/total pregnancies, n 6/6 44/54

Live birth, n (%) 0 21 (47.7)c

Elective termination, n (%) 3 (50.0) 10 (22.7)

Fetal loss, n (%) 3 (50.0) 13 (29.5)

Spontaneous abortion 2 (33.3) 12 (27.3)

Stillbirth 1 (16.7) 1 (2.3)

Anticardiolipin positive, n (%) 3 (50) 16 (29.6)

In patients with live birth – 4 (19.0)

In patients with fetal loss 2 (66.7) 7 (53.8)

aWomen only.
bAs of December 31, 2010; includes phase 2/3 placebo-controlled periods of the phase 2 and 3 trials, and the respective

continuation studies.
c1 infant with chromosomal translocation (present in mother) expired several days after birth.
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Discussion

Belimumab was generally well tolerated when
administered over 52 or 76 weeks in combination
with a wide range of standard SLE therapies. Rates
of patients experiencing any AE, AEs leading to
study agent discontinuation, and serious or severe
AEs were similar across treatment groups. Among
AEs reported in �10% of patients in any treatment
group, only nausea, diarrhea, and urinary tract
infection occurred more often with belimumab
than placebo; however, the differences were numer-
ically small and not statistically significant.

The incidence rates of serious infusion and
hypersensitivity reactions, including anaphylaxis,
were numerically higher with belimumab than pla-
cebo (0.8% vs. 0.4%), and occurred usually during
the first or second infusion. Few infusion or hyper-
sensitivity reactions led to study agent discontinu-
ation, and the incidence of these reactions
decreased after the second infusion. Some patients
(13%) received premedication that may have miti-
gated or masked infusion or hypersensitivity reac-
tions; however, there is insufficient evidence to
determine whether premedication diminished the
frequency or severity of these reactions.

Infections, which are among the most common
causes of morbidity and mortality in the general
SLE population,15 were the most frequently
reported AEs, serious AEs, and causes of death in
the belimumab clinical trials. The rates of serious
infections were similar across treatment groups.
Although there was a greater proportion of patients
receiving belimumab with IgG or IgM levels below
normal, there was no apparent increased risk of
infections in patients with immunoglobulin levels
below the lower limits of normal compared with
patients with normal levels. Opportunistic infec-
tions were rare on belimumab therapy, but long-
term follow-up in greater numbers of patients is
needed for a definitive assessment.

Systemic lupus erythematosus is associated with
an increased risk of malignancies, particularly non-
Hodgkin’s lymphoma, cervical cancer, lung cancer,
bronchial carcinoma, and hepatobiliary cancer.16,17

No hematologic malignancies were reported during
the blinded, randomized, controlled portions of the
three belimumab studies included in this analysis.
No pattern of malignancies or increase in any par-
ticular tumor type was identified with belimumab
treatment other than would be expected in a pre-
dominantly female SLE population. The malig-
nancy rate per 100 patient-years with belimumab
(0.20 [95% CI 0.04–0.58]) was lower than that

from a study of an international SLE cohort,
which observed 410 cancers in 9547 patients
(76,948 patient-years) during an average follow-up
of 8 years (0.53; 0.48–0.59).16 Both the belimumab
and historical malignancy figures excluded non-
melanoma skin cancers. Long-term data (i.e.
beyond 18 months) on the risk of malignancies
with belimumab treatment will need to be accumu-
lated before definitive conclusions can be drawn,
since malignancies are unlikely to emerge during
12–18 months of treatment.

The rates of psychiatric AEs, including depres-
sion, were higher with belimumab than with stand-
ard therapy alone, as was the rate of serious
depression. In comparison with the general popu-
lation, the rates of psychiatric conditions, including
depression and suicide, are known to be higher in
SLE.18,19 Systemic lupus erythematosus is known
to be associated with an elevated incidence of sui-
cide.20,21 Two patients receiving belimumab com-
mitted suicide, one each in the 1- and 10-mg/kg
dosing groups; one was described as having wor-
sening depression, and the other had a history of
depressed mood and psychotic disorder, although
the latter patient was not known to be in a depres-
sive state during the time of the suicide.

Systemic lupus erythematosus significantly
increases mortality.3,4 Although there were numer-
ically more deaths in the belimumab groups than
with standard therapy alone in the present analysis,
the mortality rates per 100 patient-years, including
long-term data, were similar with belimumab and
placebo, and lower than the historically reported
rate (76,948 patient-years; rate 1.63 [95% CI
1.54–1.72]) derived from observations in a large
SLE cohort (N¼ 9547) between 1958 and 2001.3

It should be noted, however, that the 95% confi-
dence intervals of the mortality rates with belimu-
mab in this analysis are wide and overlapping. The
historical rate may be an overestimate of the cur-
rent rate, given the improvement in SLE mortality
rates in the modern era.22 The most common cause
of death with belimumab treatment was infection,
followed by cardiovascular disease.

Systemic lupus erythematosus increases preg-
nancy morbidity.23 Spontaneous abortion has
been reported in 21% and 14.6% of pregnancies
in two series.24,25 Anticardiolipin antibodies and
hypertension during pregnancy have been signifi-
cantly associated with fetal loss, premature birth,
and intra-uterine growth restriction. In the present
analysis, the rate of anticardiolipin antibody posi-
tivity was substantially higher among women who
experienced fetal loss than in those with live births
(Table 4). Fetal loss occurred in a smaller
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proportion of patients receiving belimumab vs. pla-
cebo (30% vs. 50%), but the sample size was small.
The fetal loss rate in this limited population was
similar to those noted in previous reports of preg-
nancies in patients with SLE.26–28 In these phase 2
and 3 belimumab trials, patients were directed to
use medically accepted methods of contraception
and underwent pregnancy tests prior to receiving
each dose; if pregnancy was detected, treatment
was immediately discontinued. The small number
of pregnancies in this analysis did not provide suf-
ficient data to assess the impact of confounders
such as SLE disease activity on pregnancy
outcome.25,27

The populations enrolled in the phase 2 and 3
belimumab trials had the types of disease manifes-
tations found in the general SLE population (i.e.
mucocutaneous, musculoskeletal, and immuno-
logic involvement in the majority of patients).13,29

These patients, however, had higher (moderate–
severe) disease activity (average SELENA-
SLEDAI score 9.6) at baseline, despite receiving
standard SLE therapy, than that in the general
SLE population. These safety results are, there-
fore, applicable to the general SLE population
with at least moderate disease activity, and with-
out severe lupus nephritis and severe central ner-
vous system lupus, which were both excluded from
the studies.

A larger dataset and longer-term data will be
needed before a definitive conclusion on the safety
of treatment with belimumab can be made. Further
studies will also be needed to determine the efficacy
and safety of belimumab in patients with active
lupus nephritis, as well as in patients receiving con-
comitant treatment with IV cyclophosphamide or
other biologic agents.

In summary, the safety data obtained from the
phase 2 and 3 belimumab studies support the con-
clusion that belimumab in combination with stan-
dard SLE therapy was generally well tolerated in a
predominantly autoantibody-positive population
of patients with active SLE. As with other biologic
immune-modulating therapies, treated patients
should continue to be monitored for hypersensitiv-
ity reactions, infections, and malignancies.
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