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Long-term safety and limited organ damage in
patients with systemic lupus erythematosus treated
with belimumab: a Phase III study extension
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Abstract

Objective. This extension study of the Phase III, randomized, placebo-controlled Belimumab International SLE Study

(BLISS)-52 and BLISS-76 studies allowed non-US patients with SLE to continue belimumab treatment, in order to

evaluate its long-term safety and tolerability including organ damage accrual.

Methods. In this multicentre, long-term extension study (GlaxoSmithKline Study BEL112234) patients received i.v.

belimumab every 4 weeks plus standard therapy. Adverse events (AEs) were assessed monthly and safety-associated

laboratory parameters were assessed at regular intervals. Organ damage (SLICC/ACR Damage Index) was as-

sessed every 48 weeks. The study continued until belimumab was commercially available, with a subsequent 8-week

follow-up period.

Results. A total of 738 patients entered the extension study and 735/738 (99.6%) received one or more doses of

belimumab. Annual incidence of AEs, including serious and severe AEs, remained stable or declined over time. Sixty-nine

(9.4%) patients experienced an AE resulting in discontinuation of belimumab or withdrawal from the study. Eleven deaths

occurred (and two during post-treatment follow-up), including one (cardiogenic shock) considered possibly related to

belimumab. Laboratory parameters generally remained stable. The mean (S.D.) SLICC/ACR Damage Index score was

0.6 (1.02) at baseline (prior to the first dose of belimumab) and remained stable. At study year 8, 57/65 (87.7%) patients

had no change in SLICC/ACR Damage Index score from baseline, indicating low organ damage accrual.

Conclusion. Belimumab displayed a stable safety profile with no new safety signals. There was minimal organ damage

progression over 8 years.

Trial registration. ClinicalTrials.gov, https://clinicaltrials.gov, NCT00424476 (BLISS-52), NCT00410384 (BLISS-76),

NCT00732940 (BEL112232), NCT00712933 (BEL112234).
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Rheumatology key messages

. An open-label extension study in non-US patients with SLE demonstrated long-term belimumab safety.

. No new safety concerns were observed with up to 8 years of belimumab treatment or follow-up.

. Organ damage progression was minimal in patients with SLE, including those with high disease activity.

Introduction

SLE is a multisystem autoimmune disease associated with

the presence of pathogenic autoantibodies and the over-

expression of B cell-activating factor, formerly known as

B-lymphocyte stimulator [1, 2]. Self-reactive antibodies

mediate tissue damage in multiple organs [3], often in
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the form of acute flares [4], which if left untreated can lead

to fatal complications, including renal failure [5].

SLE treatments include low-dose CS and antimalarial

medications for mild disease, with high-dose CS and im-

munosuppressive medications for moderate-to-severe

disease [6]. Although these treatments have improved

the long-term survival for SLE [7], patients are at risk of

developing irreversible organ damage due to high disease

activity (HDA) [4, 8] and long-term use of CS and immuno-

suppressants [9�11]. Prevention of long-term organ

damage is therefore a key unmet need in SLE.

Belimumab is a human IgG1-� monoclonal antibody

that binds soluble B-lymphocyte stimulator, a B cell sur-

vival factor. Belimumab inhibits the survival of B cells,

including autoreactive B cells, and reduces their differen-

tiation into Ig-producing plasma cells [12�14].

Belimumab efficacy vs placebo in adults with active, auto-

antibody-positive SLE receiving standard therapy (standard

of care, SoC) has been demonstrated with s.c. [15] and i.v.

[16�18] formulations over 52 [15, 17, 18] and 76 weeks [16].

Patients who completed Belimumab International SLE Study

(BLISS)-52 (BEL110752; NCT00424476) [17] or BLISS-76

(BEL110751; NCT00410384) [16] were eligible to continue

open-label treatment with belimumab i.v. in two long-term

extension (LTE) studies: BEL112233 (NCT00724867) for pa-

tients within the USA and BEL112234 (NCT0071293) for

those outside the USA.

We present the results of the BEL112234 LTE study,

which evaluated belimumab safety and tolerability and as-

sessed long-term organ damage accrual.

Methods

Study design

This was an open-label, multicentre, LTE study

(BEL112234; NCT00712933) of belimumab i.v. (30 May

2008 to 9 December 2016) of non-US patients with SLE

who completed BLISS-52 [17] or BLISS-76 [16] (supple-

mentary Fig. S1, available at Rheumatology online). A

Mexico National Amendment allowed enrolment of five

patients from the 52-week belimumab s.c. study

(BEL112232; NCT00732940) [15] still receiving treatment

at the time of study termination. Key exclusion criteria

included: clinical evidence of significant, unstable or un-

controlled, acute or chronic disease not due to SLE;

having an adverse event (AE) in the Phase III study that

could put the patient at undue risk; or development of any

other disease, laboratory abnormality or condition render-

ing the patient unsuitable.

This study was designed to have a 48-week study year;

therefore, the study years do not align with calendar years.

The first dose of belimumab must have been adminis-

tered within 2�8 weeks after the last treatment dose in the

parent studies. Patients who received 1 mg/kg belimumab

i.v. in the parent studies received the same dose in the LTE

study until marketing approval was obtained for 10 mg/kg

belimumab i.v., at which time their dose was increased to

10 mg/kg. Placebo-treated patients in the parent study

received 10 mg/kg belimumab i.v. throughout this extension

study. Patients in BEL112232 crossed over to 10 mg/kg

belimumab i.v. Patients received belimumab i.v. every

28 days over a 1-h period and continued existing SoC, ad-

justed as clinically appropriate. Study completion was

defined as continuation in this extension study until belimu-

mab became commercially available in the patient’s

country.

Clinical sites remained blinded to treatment until results

of the parent study were made public. The study was per-

formed in accordance with the Declaration of Helsinki [19].

All sites maintained ethics committee and institutional

review board approval, and all patients provided written

informed consent.

Safety assessments

AEs and serious AEs (SAEs) were assessed at each visit

and reported until 8 weeks after the last belimumab dose

(follow-up visit). Laboratory evaluations, including haema-

tology, chemistry, routine urinalysis, serum IgG and im-

munogenicity testing, occurred at regular intervals.

Changes in CS dose (daily prednisone equivalent dose)

were reported at weeks 24 and 48. The SLICC/ACR

Damage Index (SDI) was assessed every 48 weeks and

at exit visit [20]. A subgroup analysis was conducted in

patients with HDA, defined as those who were anti-dsDNA

positive (530 IU/ml) and hypocomplementaemic [low

complement (C) 3 (<0.9 g/l) and/or low C4 (<0.16 g/l)] at

baseline. Patients were also analysed by subgroups of the

Safety of Estrogens in Lupus Erythematosus National

Assessment-SLEDAI (SELENA-SLEDAI) [21] to examine

the impact of baseline disease severity on organ

damage accrual. Because patients with SLE diagnosed

in childhood are known to have more rapid organ

damage accrual compared with patients diagnosed in

adulthood [22], a post hoc subgroup analysis was con-

ducted to evaluate SDI changes in patients aged <18 vs

518 years at time of SLE diagnosis and having an SLE

diagnosis <10 years. Additional post hoc subgroup ana-

lyses of SDI were conducted on categorical changes in

SDI score (no change, +1, +2, +3) per yearly interval.

Data were not collected after the follow-up visit for pa-

tients who withdrew from treatment or the study.

Data analyses

Because this was an open-label extension study, no

formal statistical hypothesis testing was performed and

all analyses were exploratory. Safety analyses, including

SDI scores, were performed using descriptive statistics.

Continuous variables were summarized by mean (S.D.),

median, 25th and 75th percentiles and minimum/max-

imum values. Categorical variables were summarized

with frequency counts and percentages. AE data are pre-

sented by incidence (percentage of patients who reported

one or more AE) and rate [events per 100 patient-years

(PYs)]. Except for SDI (described below), missing data

were not imputed. All data summaries and analyses

were performed using SAS software version 9.4 (SAS

Institute Inc., Cary, NC, USA). All analyses were con-

ducted for the modified intent-to-treat population (mITT),
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defined as all patients who received one or more

belimumab dose in the extension study.

Baseline was defined as the last available value prior to

belimumab treatment initiation. For patients randomized

to belimumab in the parent studies, baseline was defined

as the last available assessment prior to first belimumab

dose in the parent study. For patients randomized to pla-

cebo in the parent study, baseline was defined as the last

assessment prior to the first belimumab dose in this ex-

tension study. This assignment of baseline was used to

align years of belimumab exposure between patients ori-

ginally randomized to belimumab and those originally ran-

domized to placebo in the parent studies.

Baseline SDI included extension study day 0 values for

placebo-treated patients in the parent study and the last

pre-treatment value in the parent study for patients origin-

ally treated with belimumab. Because SDI should never

decrease, an item level reduction was replaced by carry-

ing forward the worst (highest) observation (WOCF). The

SDI total score utilized WOCF-imputed items.

Results

Study population

Overall, 738 patients entered the extension study to re-

ceive belimumab treatment (Fig. 1A), of whom 735

(99.6%) received one or more belimumab dose (mITT);

368/738 (49.9%) completed the study and 370/738

(50.1%) withdrew (Fig. 1A). Patient self-withdrawal

(n = 151, 40.8%, most commonly due to patient preg-

nancy or planning for pregnancy), AEs (n = 69, 18.6%)

and ‘other’ (n = 69, 18.6%) were the most common rea-

sons for withdrawal (Fig. 1A; supplementary Table S1,

available at Rheumatology online). The percentage of pa-

tients who withdrew from the study did not exceed 15% in

any given study year (Fig. 1B). The study continued for

8 years for a total belimumab exposure of 3352 PYs.

Patient demographics and baseline characteristics are

displayed in Table 1.

Demographics and baseline characteristics in the HDA

subpopulation (n = 404, 55.0% of mITT) were comparable

to those of the mITT population, except for complement

levels and anti-dsDNA positivity (supplementary Table S2,

available at Rheumatology online).

Adverse events

Overall, 706 (96.1%) patients experienced one or more AE

(supplementary Table S3, available at Rheumatology

online; Fig. 2) and 299 (40.7%) experienced an AE con-

sidered at least possibly related to belimumab treatment.

The incidence of related AEs generally declined over the

study period, from 26.4% in study year 0�1 to 6.2% in

study year 7�8 (supplementary Table S3, available at

Rheumatology online). Throughout the study, the annual

AE incidence, including SAEs and severe AEs, remained

stable or declined over time (supplementary Table S3,

available at Rheumatology online); most AEs were mild

or moderate in severity. According to incidence, the five

most frequent AEs were headache (n = 205, 27.9%),

nasopharyngitis (n = 155, 21.1%), diarrhoea (n = 143,

19.5%), arthralgia (n = 136, 18.5%) and influenza

(n = 134, 18.2%) (supplementary Table S4, available at

Rheumatology online). The most frequent AEs (occurring

in 510% of patients at any time post-baseline) either

declined or stabilized over time, except for bacterial urin-

ary tract infections, viral upper respiratory tract infections,

cough and nasopharyngitis, which increased through

study year 2�3 before stabilizing or decreasing from

thereon (supplementary Table S4, available at

Rheumatology online). The overall AE incidence in the

HDA subpopulation was comparable to that in the mITT

population: 389 (96.3%) patients experienced one or more

AE and 167 (41.3%) experienced an AE considered at

least possibly related to belimumab treatment. Myalgia

(10.1%) and nausea (10.1%) were among the most fre-

quent AEs within the HDA population in addition to

those observed in the overall population.

A severe (Grade 3 or 4) AE was experienced by 18.8%

of patients, declining annually from 6.9% at study year

0�1 to 3.1% at study year 7�8 (supplementary Table S5,

available at Rheumatology online). Thrombocytopaenia

(1.1%) and lupus nephritis (1.0%) were the most fre-

quently occurring severe AEs.

A total of 69 (9.4%) patients experienced one or more

AE resulting in permanent belimumab discontinuation or

withdrawal from the study (supplementary Table S3, avail-

able at Rheumatology online). Those occurring in two or

more patients included lupus nephritis (n = 4, 0.5%), drug

eruption, dyspnoea, bacterial pneumonia, pulmonary tu-

berculosis (cases occurred in Taiwan and the Philippines,

where background incidence is high), SLE rash and urti-

caria, each experienced in two (0.3%) patients. Most pa-

tients who withdrew from the study because of an AE did

so during the first 3 study years and none withdrew be-

cause of an AE beyond study year 5�6 (supplementary

Table S3, available at Rheumatology online).

In the HDA subpopulation, 43 (10.6%) patients experi-

enced one or more AE that resulted in permanent belimu-

mab discontinuation or withdrawal from the study. Of

these, the only AEs experienced by more than one patient

were dyspnoea and pulmonary tuberculosis, each occur-

ring in two (0.5%) patients. The incidence of remaining

AEs resulting in discontinuation or withdrawal was 0.2%.

Within the mITT population, a total of 506 SAEs were

reported by 231 (31.4%) patients. Of the most commonly

reported SAEs (bacterial pneumonia, n = 14, 1.9%; lupus

nephritis, n = 12, 1.6%; cellulitis, n = 12, 1.6%), none

occurred in >2% of patients. SAEs were reported in 133

(32.9%) patients in the HDA subpopulation and the most

frequently reported were lupus nephritis and bacterial

pneumonia [each with seven (1.7%) patients].

During the study, 11 deaths (1.5% of patients) occurred

(ischaemic stroke, cardiac arrest, bacterial pneumonia,

acute pancreatitis, cardiogenic shock, sepsis, pneumonia,

septic shock, thrombotic thrombocytopaenic purpura,

pulmonary haemorrhage, respiratory distress), of which

7 were in the HDA population. An additional two deaths

(intracranial haemorrhage and sepsis) occurred >8 weeks
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after the patients’ last belimumab dose. One death

caused by cardiogenic shock (following a complication

during surgery to repair a traumatic left tibial fracture in

a patient with underlying pulmonary hypertension who

developed intraoperative oxygen desaturation) was con-

sidered by the investigator as possibly related to belimu-

mab. All other deaths were considered as not/probably

not related by the investigator.

FIG. 1 Patient recruitment and attrition

Patient disposition (A) and withdrawals per study year (B) of the six patients who were reported as withdrawing due to

lack of efficacy; details are only available for three patients. These patients were withdrawn by their physicians due to

disease flare ups.
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AEs of special interest

Eight (1.1%) patients experienced malignancies, including

stage 0 cervical carcinoma (n = 2), non-melanoma skin

cancer (n = 2), ductal breast carcinoma (n = 1), papillary

thyroid cancer (n = 1), rectal adenocarcinoma (n = 1) and

rectal cancer (n = 1). Incidence of malignancy (excluding

non-melanoma skin cancer) was generally consistent

across study years, peaking at study year 3�4 with two

(0.4%) patients (supplementary Table S3, available at

Rheumatology online). No malignancies were reported

after study year 4�5.

Overall, 95 (12.9%) patients developed an infection of

special interest including all potential and actual oppor-

tunistic infections as per GlaxoSmithKline adjudication

(n = 12), tuberculosis (n = 4), herpes zoster (n = 63) and

sepsis (n = 12). The incidence of infections of special inter-

est was low, peaking at 4.4% in study year 0�1 and

decreasing to 0.9% by study year 6�7, with none reported

in study year 7�8 (supplementary Table S3, available at

Rheumatology online).

Depression (including mood disorders), suicide and/or

self-injury were reported in 86 (11.7%) patients, with inci-

dence decreasing over the course of the study (supple-

mentary Table S3, available at Rheumatology online).

Most depression-related events (94.9%) were non-serious;

serious depression was reported in four (0.5%) patients. A

total of three suicidality/self-injury events (0.4%) occurred,

all of which were serious (two suicide attempts and one

suicidal ideation). There were no completed suicides.

Clinical and laboratory parameters

The incidence of Grade 3 and 4 haematology parameters,

clinical parameters and urinalysis and IgG are displayed in

supplementary Table S5, available at Rheumatology

online. The only haematological parameter graded

severe for 510% of patients was lymphocyte count, in

which 120 (23.9%) and 11 (2.2%) patients had Grade 3

or 4 severity, respectively. Of the 11 patients who had a

TABLE 1 Patient demographics and baseline characteris-

tics in mITT population

Demographic/baseline
characteristics

Total
(N = 735)

Female, n (%) 695 (94.6)

Age, mean (S.D.), years 37.2 (11.2)
Age at diagnosis, n (%)

518 years 554 (75.4)

<18 years 32 (4.4)

Missing 149 (20.3)
Ethnicity, n (%)

Hispanic or Latino 315 (42.9)

Not Hispanic or Latino 420 (57.1)
Race, n (%)

Black or African American/African
heritage

18 (2.4)

Native American or Alaska Native 225 (30.6)

Asian 214 (29.1)

White 278 (37.8)

Mixed race 2 (0.3)
Median SLE disease duration, years

(min, max)
4.5 (0, 37)

BILAG of SLE clinics organ domain involvement, n (%)a

51A or 2B 324 (44.1)

51A 107 (14.6)

52B 531 (72.2)

No A or B 171 (23.3)
SELENA-SLEDAI category, n (%)

49 446 (60.7)

510 284 (38.6)

Missing 5 (0.7)
SELENA-SLEDAI, mean (S.D.)b 8.3 (4.3)c

51 SELENA-SLEDAI flare index flare,
n (%)d

107 (14.6)

51 severe SELENA-SLEDAI flare index
flare, n (%)d

4 (0.5)

Physician’s Global Assessment score,
mean (S.D.)

1.19 (0.6)

SDI score, mean (S.D.) 0.6 (1.0)e

SDI category, n (%)
0 461 (62.7)

51 267 (36.3)

Missing 7 (1.0)

Concomitant medication, n (%)a

Antimalarials 474 (64.5)

Immunosuppressants 323 (43.9)

CS 690 (93.9)

Average daily prednisone dose, n (%)f

0 43 (5.9)

47.5 mg/day 227 (30.9)

>7.5 mg/day to 440 mg/day 462 (62.9)
>40 mg/day 1 (0.1)

Missing 2 (0.3)

Complement (C) level, n (%)

Low C3 (<0.9 g/l) and/or low C4
(<0.16 g/l)

488 (66.4)

Anti-dsDNA

Positive (530 IU/ml), n (%) 528 (71.8)
Mean (S.D.), IU/ml 140.5 (62.4)

ANA

Positive (580 titre), n (%) 683 (93.6)c

Mean (S.D.) 838.1 (485.3)

(continued)

TABLE 1 Continued

Demographic/baseline
characteristics

Total
(N = 735)

IgG, n (%)

<Lower limit of normal (6.94 g/l) 6 (0.8)

>Upper limit of normal (16.18 g/l) 334 (45.4)

aMay be counted in more than one category. bSELENA-

SLEDAI scored differently in Study BEL112232: category

not assigned for these patients. cData missing for n = 5.
dDuration of assessment was the duration between the last
two visits within the parent study (placebo-treated patients),

or between screening and day 0 in the parent study (beli-

mumab-treated patients). eData missing for n = 7. fCS dose

converted to daily prednisone equivalent. mITT: modified
intent-to-treat population; SDI: SLICC/ACR Damage Index;

SELENA-SLEDAI: Safety of Estrogens In Lupus

Erythematosus National Assessment-SLEDAI.
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Grade 4 lymphocyte value (none of whom had decreased

IgG levels), 6 experienced a mild, non-serious, non-oppor-

tunistic infection and 1 experienced a serious infection

(hepatitis A, classified as life-threatening and probably

not related to study drug) within 30 days of observing

the Grade 4 value. The percentage of patients with

severe values for other haematology parameters did not

exceed 5% during any given study year and the percent-

age of patients with severe values for liver function, elec-

trolytes and other chemistry parameters did not exceed

3% in any given study year. Six (0.8%) patients had a

Grade 3 or 4 IgG value and all six patients shifted from

FIG. 2 Cumulative AE incidence over time

AE: adverse event; SAE: serious AE. aExcept non-melanoma skin cancer.
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Grade 0 at baseline. Two of the six patients experienced a

mild, non-serious, non-opportunistic infection within

30 days of observing the Grade 3 or 4 IgG value and

none experienced a serious or severe infection.

SDI

The mean (S.D.) SDI score in the mITT population was

0.6 (1.02) at baseline and remained stable, with 0.2

(0.56) mean change from baseline in SDI score at study

year 8. By study year 8, 57/65 patients (87.7%) experi-

enced no change in SDI score (Fig. 3A). The baseline

SDI score in the HDA population was 0.6 (0.95), with

mean change from baseline at study year 8 of 0.2 (0.59).

By study year 8, 22/26 patients (84.6%) with HDA experi-

enced no change in SDI score (Fig. 3A).

For SDI score by organ involvement, only the musculo-

skeletal organ system showed any change from baseline

[mean (S.D.)], with an increase of 0.1 (0.24) at study year 8.

Baseline SDI scores were 0.6 (0.95) and 0.7 (1.13) in

SELENA-SLEDAI 49 and 510 subgroups, respectively.

Most patients within both subgroups experienced no

change in SDI score throughout the study (Fig. 3B). The

percentage of patients in the SELENA-SLEDAI 49 sub-

group who experienced no SDI worsening was 590%

per study year, whereas among the SELENA-SLEDAI

510 subgroup, the percentage of patients with no worsen-

ing in SDI was slightly lower per study year, only exceeding

90% in study year 1. Baseline mean (S.D.) SDI scores in

patients aged <18 and 518 years at diagnosis were

0.5 (0.84) and 0.5 (0.85), respectively. While most patients

in both subgroups experienced no SDI worsening, the pro-

portion who did have SDI worsening was higher in patients

aged <18 years at diagnosis, compared with older patients

(Fig. 3C). Among patients with worsening, more in the

518 years subgroup experienced SDI increases of +2 or

+3, compared with those in the <18 years subgroup, who

experienced SDI increases of +1 only. Furthermore, most

patients in the subgroup analysis by SDI scores of 0 and

51 at baseline experienced no SDI change [mean (S.D.)

baseline score: 0 and 1.6 (1.08), respectively] (Fig. 3D).

Steroid use

The percentage of patients with baseline prednisone dose

>7.5 mg/day experiencing a reduction in prednisone dose

increased or was maintained over time [study year 1,

136/442 patients (30.8%); study year 7, 59/87 patients

(67.8%)]. A very low number of patients with baseline

dose >0 to 47.5 mg/day had an increase in prednisone

dose [study year 1, 19/212 patients (8.9%); study year 7,

6/41 patients (14.6%)] (Fig. 4).

Discussion

In this LTE study of belimumab i.v., the incidences of AEs,

severe AEs, SAEs and AEs of special interest in the mITT

and HDA populations were similar and generally remained

stable or declined over time. No clinically relevant findings

were noted regarding the rate of AEs, SAEs and AEs of

special interest over the 8 years of belimumab exposure.

Overall, the incidences of AEs, SAEs and AEs of special

interest leading to discontinuation were broadly similar to

those of the belimumab Phase II continuation study; both

studies showed a peak in AEs and SAEs at study year 1

and subsequent stabilization or decline through the re-

mainder of the studies [23]. AE incidence was higher in

the Phase II continuation study; however, duration of

follow-up was longer in the continuation study and pa-

tients were slightly older at study entry (mean age 43 vs

37 years) and had a slightly longer disease duration (mean

8.8 vs 6.3 years), as well as a higher mean SELENA-

SLEDAI (9.2 vs 8.3) compared with patients in this exten-

sion study [23]. The Phase II continuation study reported

upper respiratory tract infections as the most frequent AE,

whereas headache was the most frequently reported AE

in this study and incidence of infections was low. Cellulitis

and pneumonia were among the most frequently reported

SAEs in both studies [23].

The mortality rate observed in this study was 0.3/100

PYs, which compares favourably with that reported in pa-

tients with SLE (1.6/100 PYs) [24] and is similar to that

reported in the 7-year interim analysis of the Phase II

long-term continuation study (0.4/100 PYs) [23].

Although the incidence of psychiatric events was greater

with belimumab compared with placebo in the parent stu-

dies [16, 17], the incidence of depression (including mood

disorders) and suicidality/self-injury decreased over the

course of this LTE study, suggesting there is no further

concern associated with longer-term use of belimumab.

The overall rate of malignant neoplasms excluding non-

melanoma skin cancer in this study was 0.2/100 PYs,

which compares favourably with a background rate in pa-

tients with SLE of 0.53/100 PYs and a rate of 0.7/100 PYs

observed in the Phase II continuation study [23, 25]. The

only haematologic parameter for which 510% of patients

had either a Grade 3 or 4 value was lymphocyte count.

This is expected for the study population, whose SLE dis-

ease activity, immunosuppressant and CS use are likely

contributing factors.

An exception to the trend of generally declining inci-

dences and rates of SAEs over the study duration was

observed in study year 2�3. Severe AEs also increased

in this time interval vs the previous interval. However, fur-

ther evaluation at the preferred term level identified no

concerns. Furthermore, the incidence of SAEs and

severe AEs subsequently declined for the remainder of

the study.

Organ damage accrual was low, with mean (S.D.) SDI

change from baseline of 0.2 (0.56) in the mITT population

at study year 8 and this was similar in the HDA subpopu-

lation. The mean SDI increase from baseline in this study

was generally smaller than in other SLE cohorts [26�29].

However, differences exist between these studies, includ-

ing their duration and inclusion/exclusion criteria; the ob-

servational cohorts included a full spectrum of patients

with SLE, whereas the BLISS parent studies excluded pa-

tients with severe lupus nephritis and central nervous

system disease [16, 17]. Both manifestations may be

associated with higher rates of organ damage accrual
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FIG. 3 Percentage of patients with SDI changes at week 48 of each study year

Analyses are categorized by: (A) mITT and HDA populations, (B) baseline SELENA-SLEDAI score 49 or 510, (C) age at

disease onset <18 or 518 years and (D) baseline SDI score 0 or 51. Data labels denote the number of patients in each

group. HDA: high disease activity; mITT: modified intent-to-treat population; SDI: SLICC/ACR Damage Index; SELENA-

SLEDAI: Safety of Estrogens In Lupus Erythematosus National Assessment-SLEDAI.
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and exclusion of these patients likely led to lower rates of

damage within this extension study than might otherwise

have been observed. The steroid-sparing effect of belimu-

mab, previously demonstrated within a pooled BLISS-52

and BLISS-76 analysis [30], may also explain the low rate

of organ damage in this study.

Disease activity can affect the risk of future organ

damage [28]. In this study, most patients in both

SELENA-SLEDAI subgroups experienced no change in

SDI, although in all study years more patients in the

SELENA-SLEDAI 49 subgroup had no change in SDI vs

the 510 subgroup. More patients without organ damage

at baseline also had no change in SDI compared with

those with an SDI score 51. Bruce et al. hypothesized

that although patients with previous organ damage ac-

crual would generally be at greater risk of further

damage than patients without prior affliction, exposure

to belimumab (plus SoC) may attenuate such damage

within at-risk populations [30].

Patients with childhood-onset SLE accrue organ

damage earlier in the course of their disease compared

with those with adult-onset SLE [22]. Although this study

did not include patients aged <18 years, analysis by age

at diagnosis showed that a higher proportion of patients

aged 518 years at diagnosis experienced no SDI worsen-

ing compared with younger patients.

A numerically greater percentage of patients experi-

enced reductions in their daily prednisone dose to

47.5 mg/day, vs those who increased their prednisone

dose to >7.5 mg/day. Although there was no placebo

comparator, these results provide further evidence of

the steroid-sparing effect of belimumab.

Several limitations should be considered when inter-

preting these data. First, this LTE study had no placebo

control group. Second, 41.1% of the mITT population ini-

tially received placebo within the parent BLISS studies;

these patients may have had low disease activity and

have been less likely to experience SDI progression,

given that they maintained stable disease while receiving

placebo plus SoC during the parent study. In addition,

the impact of study withdrawals may have created

responder bias.

The accumulation of PYs within this LTE study repre-

sents an opportunity to gather information relating to the

long-term safety and tolerability of belimumab and further

understand its safety profile. This study provides further

evidence that belimumab is well tolerated as an add-on

therapy to SoC in the treatment of SLE. No new safety

concerns were revealed and the study provides evidence

to alleviate concerns regarding suicidality and the poten-

tial increased risk of developing malignancies while

receiving belimumab. This study also demonstrated min-

imal organ damage progression within the study popula-

tion including the HDA subpopulation.
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