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ABSTRACT
Objective To examine the long- term changes in 
circulating B cell subsets and IgG levels at 5+ years of 
continuous belimumab treatment and their correlations 
with efficacy and safety measures.
Methods This was a post hoc analysis of a continuation 
study (BEL112233; NCT00724867) of eligible US patients 
who completed the 76- week BLISS- 76 Study (BEL110751; 
NCT00410384), with up to eight calendar- years of follow- 
up and median (IQR) belimumab exposure of 310 (209, 
364) weeks. From week 76, patients initially randomised 
to intravenous belimumab 1 mg/kg or 10 mg/kg every 4 
weeks in BLISS- 76 continued to receive the same dose 
in the continuation study, while those initially randomised 
to placebo received belimumab 10 mg/kg intravenous 
every 4 weeks during continuation. All patients continued 
to receive standard SLE therapy. Biomarker data were 
collected, and the effects on baseline and early changes 
(weeks 0–24 after starting belimumab) from baseline in 
biomarkers on SLE Responder Index (SRI- 4) and infection 
rate were evaluated.
Results Of the 819 patients from BLISS- 76, 268 self- 
selecting patients entered BEL112233. Compared with 
baseline, B cell subset counts decreased by 40%–99% 
after 312 weeks (6 years), and serum IgG levels decreased 
by 28% after 284 weeks. Higher baseline naïve B cell 
counts were associated with greater SRI- 4 response rates 
(p<0.05), whereas higher baseline SLE subset plasma 
and short- lived plasma B cell counts were associated with 
lower SRI- 4 response rates (p<0.05). Elevated baseline 
IgG levels were associated with increased infection rates 
over the treatment period (p<0.05), and early greater 
decreases in IgG levels were associated with higher SRI- 4 
response rates (p<0.05).
Conclusions Belimumab treatment up to 312 weeks 
(6 years) resulted in substantial decreases in several 
circulating B cell subsets and IgG levels. Higher baseline 
naïve B cell counts and IgG levels were associated with 
improved SRI- 4 response and increased infection rates, 
respectively.

INTRODUCTION
SLE, a chronic autoimmune disease that 
affects multiple organs, is driven by the 
abnormal activation of B and T lymphocytes, 

and is associated with elevated titres of 
autoantibodies.1 2 B lymphocyte stimulator 
(BLyS; also known as B cell activating factor, 
or BAFF) is a ligand of the tumour necrosis 
factor cytokine family that is expressed as 
membrane- bound or soluble protein. BLyS is a 
vital B cell survival factor with important roles 
in B cell maturation and Ig class switching 
and production.3–5 Overexpression of BLyS 
is thought to be linked to the pathogenesis 
of SLE and other autoimmune diseases,6 and 
increased concentrations of circulating BLyS 
are correlated with worsening SLE disease 
activity that is indicative of mild- to- moderate 

Key messages

What is already known about this subject?
 ► B lymphocyte stimulator (BLyS) is essential for B cell 
maturation and Ig class switching and production.

 ► Overexpression of circulating BLyS correlates with 
worsening SLE disease activity and increased risk of 
SLE flares.

 ► Belimumab (anti- BLyS) therapy has been evaluated 
for long- term efficacy and safety and was shown to 
reduce Ig levels and several circulating B cell sub-
sets in the BLISS- 76 Trial.

What does this study add?
 ► In this post hoc continuation analysis of the BLISS- 76 
Trial, belimumab treatment up to 312 weeks (6 
years) led to decreases in B cell subsets and IgG lev-
els. Elevated baseline naïve B cells correlated with 
improvements in SLE Responder Index response, 
while elevated baseline IgG titre was associated with 
poorer SLE Responder Index outcome and greater 
infection rates.

How might this impact on clinical practice or future 
developments?

 ► Assessment of B cell and IgG levels before initiating 
long- term belimumab therapy may facilitate predic-
tion of response and infection risk of patients with 
SLE.
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flares. Furthermore, elevated (≥2 ng/mL) levels of BLyS 
were found to be predictive of SLE flares in a post hoc 
analysis of BLISS- 52 and BLISS- 76 belimumab trials.7

Belimumab is a human IgG1κ monoclonal antibody 
that is approved in the USA, the European Union, 
and Japan for the treatment of patients ≥5 years of age 
with active, autoantibody- positive SLE receiving stan-
dard therapy.8–10 Recently, belimumab was approved by 
the FDA for the treatment of adults with active lupus 
nephritis receiving standard therapy.8 Belimumab 
inhibits the activity of soluble BLyS and may restore the 
ability of autoimmune B cells to undergo apoptosis in a 
partially selective manner, ultimately leading to reduced 
SLE disease activity.1 11 Previous studies of up to 76 weeks 
(1.5 years) of belimumab therapy have demonstrated a 
sustained reduction in Ig levels and in several circulating 
B cell subsets, including naïve and activated B cells. 
Concurrently, reductions in SLE Responder Index (SRI- 
4), including Safety of Estrogens in Lupus Erythematosus 
National Assessment version of the SLE Disease Activity 
Index (SELENA- SLEDAI), newly occurring British Isles 
Lupus Assessment Group A and B organ domain scores, 
Physician’s Global Assessment, and incidence rate of 
severe flares were observed.12–15

A 7- year assessment of patients who completed the 
BLISS- 76 Trial (GSK study BEL110751;  ClinicalTrials. 
gov identifier: NCT00410384) demonstrated the long- 
term efficacy and safety of belimumab.13 Longer- term 
reductions in autoreactive B cells and Ig titres may facili-
tate achieving the treatment goals of SLE therapy, which 
include reducing disease activity, preventing flares and 
long- term organ damage, and reducing corticosteroid 
exposure. As such, further investigation of the long- term 
impact of belimumab on biological markers of SLE, and 
how these may correlate with measures of disease activity 
and organ damage, is of considerable clinical interest15 
but is yet to be fully explored. Therefore, the purpose of 
the present analysis was to examine long- term changes in 
biomarkers, including B cell/B cell subset counts and IgG 
titres, for up to 312 weeks (6 years) of continued belim-
umab treatment.

METHODS
Study design
This was a post hoc analysis of a multicentre, continu-
ation study (GSK study BEL112233;  ClinicalTrials. gov 
identifier: NCT00724867) of eligible patients in the USA 
who completed the 76- week phase III BLISS- 76 parent 
study,12 conducted from 5 August 2008 to 26 March 2015. 
In BLISS- 76, patients received intravenous belimumab 1 
mg/kg or 10 mg/kg, or placebo, plus standard therapy 
(eg, corticosteroids, immunosuppressants and/or anti-
malarials), every 4 weeks for 72 weeks, with a final eval-
uation at week 76. Patients who completed the BLISS- 76 
Study had the option to enrol in the continuation study, 
where patients who had received belimumab remained 
on the same dose, while those who had previously 

received placebo were switched to belimumab 10 mg/
kg intravenous. Of note, for patients who had received 
placebo in BLISS- 76, day 1 was the day of their first dose 
of belimumab. Following a protocol amendment on 9 
March 2011, patients receiving belimumab 1 mg/kg had 
their dose increased to 10 mg/kg. All belimumab doses 
were pooled for this analysis.

The study end date was five calendar- years from the 
date of enrolment of the last patient into the continu-
ation study. Clinical site personnel were blinded to the 
BLISS- 76 parent study treatment until results of the 
parent study were made public. Written informed consent 
was obtained from all patients prior to enrolment.

Patients
Patients were assessed for eligibility to enrol in the contin-
uation study at the week 72 visit of BLISS- 76 and were 
required to receive the first continuation- study beli-
mumab dose on day 0 of the BEL112233 continuation 
study and within 2–8 weeks after the last dose of investi-
gational product in BLISS- 76. Excluded patients included 
those with clinical evidence of significant, unstable or 
uncontrolled acute or chronic disease not due to SLE 
(in the investigator’s opinion), those who experienced 
in BLISS- 76 any adverse event (AE) that could put the 
patient at undue risk (in the investigator’s opinion), or 
those who did not meet the enrolment criteria.

Biomarkers assessment and correlative analyses with SLE 
disease activity and safety
Assessed biomarkers included change from baseline in 
circulating concentrations of B cells (CD19+ and CD20+), 
naïve B cells (CD19+/CD20+/CD27−), memory B cells 
(CD19+/CD20+/CD27+), activated B cells (CD20+/
CD69+), plasmacytoid B cells (CD19+/CD20+/CD138+), 
SLE subset plasma cells (CD19+/CD27bright+/
CD38bright+),16 short- lived plasma B cells (CD19+/
CD20−/CD27bright+), and plasma B cells (CD19+/
CD20−/CD138+) over 312 weeks (6 years), and IgG over 
284 weeks (~5.5 years). All samples were analysed, and 
subsequent B cell subset quantification was performed 
at Q2 Solutions Laboratories as described in the online 
supplemental methods.

The discrepancy between B cell and IgG level data 
availabilities derives from differences in the frequency 
of the measurement of the two biomarkers: while all B 
cell subsets were measured at baseline and every 24 weeks 
after first belimumab dose in the continuation study, IgG 
levels were measured only every 48 weeks (except for 
study year 1 when measurements were also taken at the 
week- 24 visit) plus at an additional 8- week follow- up visit 
after the last dose. The 312- week versus 284- week differ-
ence derives from patients exiting the study mid- study 
year without a follow- up visit.

The effects of baseline and early changes (weeks 0–24 
of the continuation study) from baseline in biomarkers 
on SRI- 4 responses17 and the overall number of serious or 
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severe infections (ie, AEs of special interest in the context 
of chronic B cell suppression) were evaluated.

Statistical analyses
Analyses were performed on the modified intention- to- 
treat (mITT) populations from BLISS- 76 and its long- 
term continuation study BEL112233, defined as patients 
who had received belimumab 1 mg/kg or 10 mg/kg 
intravenous or placebo. For patients receiving beli-
mumab in BLISS- 76, data on biomarker, disease activity 
and safety from baseline to week 76 were included. For 
those receiving placebo in BLISS- 76, only data collected 
in the continuation study (after they had switched to 
belimumab) were included. Thus, for patients who had 
received placebo in BLISS- 76, day 1 was the day of their 
first belimumab dose. Continuous and categorical data 
were summarised using means and SD, and counts and 
percentages, respectively. Tertiles of absolute B cell count 
and IgG levels as well as tertiles of change from baseline 
in these measurements were calculated at the end of each 
24- week interval in the continuation study. To understand 
the univariate relationships between tertiles of B cells and 
IgG levels and efficacy end points, Spearman correlation 
coefficients and their 95% CIs were calculated. Statistical 
analyses were conducted for each B cell subset and IgG. 
The main comparisons were tertile 1 versus tertile 2 and 
tertile 1 versus tertile 3 for the efficacy end point (ie, 
SRI- 4 response and the occurrence of serious or severe 
infections).

The rates of SRI- 4 response and severe or serious 
infections were analysed via separate negative binomial 
regression models for each biomarker with offset log of 
follow- up time and terms for age, body mass index (BMI), 
baseline SLEDAI, baseline immunosuppressant use, 
treatment group, and either baseline biomarker tertile 
or change from baseline biomarker tertile. Incidence 
rate ratios and their associated 95% CIs were estimated 
from these models for each biomarker and covariate of 
interest, and similar analyses were conducted to deter-
mine whether early changes (weeks 0–24 after starting 
belimumab) from baseline in biomarkers were predictive 
of SRI- 4 response and severe or serious infections.

Patient and public involvement
We did not involve patients and/or the public in the 
design of this study.

RESULTS
Patients
The global mITT population comprised 819 patients with 
SLE from the parent BLISS- 76 Study (BEL110751), of 
whom 268 self- selecting patients (from the US sites only; 
n=177 receiving belimumab and n=91 receiving placebo 
in the parent study) of the 576 patients who completed 
BLISS- 76 subsequently entered the continuation study 
(BEL112233). Patient disposition and baseline demo-
graphics of the BLISS- 76 population who entered the 
continuation study are shown in table 1.

Among those who entered the continuation study, 93.3% 
(n=250/268) were female and mean (SD) age was 42.8 
(11.3) years. In total, 69.4%, 21.3% and 9.3% of patients were 
White, of Black African ancestry/African American or other 
race, respectively. Overall, patient characteristics were similar 
between the parent and continuation study populations, and 
baseline characteristics between placebo and belimumab 
treatment groups in the parent study were similar. Over the 
period of both studies, up to eight calendar- years of data were 
collected, with a median (IQR) belimumab exposure of 310 
(209, 364) weeks.

Biomarker responses over time
After 312 weeks (6 years) of continued belimumab dosing 
(study year 7, week 24), net reductions from baseline of 
83%–92% in circulating CD19+, CD20+, and naïve and 
plasma B cells, 98%–99% in activated and plasmacytoid 

Table 1 Baseline characteristics of patients in the 
continuation study (n=268)

Patients in the 
continuation study
(n=268)

Mean (SD) age, years 42.8 (11.3)

Female, n (%) 250 (93.3)

Race, n (%)

  White 186 (69.4)

  Black or African American 57 (21.3)

  Other 25 (9.4)

Mean (SD) SLE disease duration, years 7.7 (6.8)

SELENA- SLEDAI Score, mean (SD) 7.8 (3.9)

SDI category, n (%)

  0 119 (44.4)

  ≥1 149 (55.6)

B cells and biomarkers, mean (SD)

  B cells (CD19+) (/µL) 143.0 (121.2)

  B cells (CD20+) (/µL) 140.7 (120.8)

  Naïve B cells (CD19+/CD20+/CD27−) (/µL) 116.6 (108.8)

  Memory B cells (CD19+/CD20+/CD27+) (/µL) 24.5 (27.1)

  Activated B cells (CD19+/CD20+/CD69+) normalised, 
(count/mL)

2.8 (3.5)

  Plasmacytoid B cells (CD19+/CD20+/CD138+) 
normalised, (count/mL)

1.8 (5.1)

  SLE subset plasma cells (CD19+/CD27bright+/
CD38bright+) (count/mL)

0.3 (0.6)

  Short- lived plasma B cells (CD19+/CD20−/
CD27bright+) (/µL)

0.3 (0.6)

  Plasma B cells (CD19+/CD20−/CD138+) normalised, 
(count/mL)

0.7 (1.3)

  IgG (g/L) 15.2 (6.1)

Medication, n (%)

  Steroids 12 (4.5)

  Immunosuppressants 44 (16.4)

  Antimalarials 116 (43.3)

CD, cluster of differentiation; SDI, Systemic Lupus International Collaborating Clinics/
American College of Rheumatology (SLICC/ACR) Damage Index; SELENA- SLEDAI, 
Safety of Estrogens in Lupus Erythematosus National Assessment version of the SLE 
Disease Activity Index.
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B cells, 67% in memory B cells, and 40%–50% in the 
SLE subset plasma and short- lived plasma B cells were 
observed (figure 1). The wider range in SLE subset and 
short- lived plasma B cell reduction compared with other 
types of B cells was likely due to the comparatively small 
base numbers of these subsets in the overall B cell popu-
lation, leading to a higher variability in count. Following 
284 weeks (~5.5 years) of belimumab (study year 6, week 
48), a 28% reduction from baseline in serum IgG levels 
was observed (figure 1). Circulating concentrations of 
all B cell types, except memory B cells, decreased rapidly 
from baseline in the first 24 weeks of belimumab treat-
ment and then declined more slowly through to week 72 
(figure 2). In contrast, memory B cell counts markedly 
increased during the first 24 weeks, then subsequently 
declined progressively over time (figure 2).

Beyond 76 weeks (1.5 years) of treatment, B cell numbers 
either continued to gradually decrease (CD19+, CD20+, 
memory, activated, plasmacytoid, and plasma B cells) or 
stabilised (naïve, SLE subset and short- lived plasma B cells; 
figure 2). By weeks 288 or 312, the decline in numbers 
of most B cell subsets (naïve, activated, plasmacytoid 
and plasma B cells) had plateaued, while memory B cells 
continued to demonstrate a sustained decline, although 
at a slower rate than at earlier time points. Serum IgG 
levels continued to progressively decrease throughout the 
entire study period (figure 2). Anti- double- stranded DNA 
(anti- dsDNA) IgG antibody levels in a subpopulation of 
patients (n=135) positive for anti- dsDNA antibodies (≥30 
IU/mL) at baseline also decreased progressively over the 
follow- up period, but with larger reductions relative to 
baseline than were observed for total IgG levels (figure 3).

Baseline biomarker correlation to clinical response or 
infection risk
Biomarker changes during belimumab treatment were 
explored for associations with improvement in SRI- 4 and 
with an increased risk of infections.

SRI-4 response
Higher naïve B cell counts at baseline were associated with 
greater SRI- 4 response rates to belimumab (rate ratio per 
tertile increase 1.10; 95% CI 1.01 to 1.21, p<0.05), whereas 
higher baseline SLE subset plasma and short- lived plasma 
B cell counts were associated with lower SRI- 4 response 
rates to belimumab (rate ratio per tertile increase 0.86; 
95% CI 0.79 to 0.95 and 0.88; 95% CI 0.80 to 0.96, 
respectively; each p<0.05) (table 2). Other assessed B cell 
subsets or IgG at baseline did not significantly correlate 
with changes in SRI- 4 response rates (table 2).

Serious or severe infections
Overall rates of serious or severe infection were low and 
stable across the entire study period (five events occurred, 
corresponding to a rate of serious or severe infection 
for any time postbaseline of 0.3 per 100 patient- years), 
and ranged from 0.4 per 100 patient- years at study years 
0–1 to 0 per 100 patient- years at study years 6–7. In total, 
there was one case each of bacterial sepsis (occurring in 
study years 4–5; rate of <0.1 per 100 patient- years), genital 
herpes (occurring in study years 0–1; rate of <0.1 per 100 
patient- years), herpes zoster (occurring in study years 
1–2; rate of <0.1 per 100 patient- years), and 2 cases of 
septic shock (occurring in study years 2–3 and 5–6, for 

Median % change (IQR) from baseline

Number
of patientsBiomarker Median

B cells (CD19+)

B cells (CD20+)

Naïve B cells (CD19+/CD20+/CD27-)

Memory B cells (CD19+/CD20+/CD27+)

Activated B cells (CD20+/CD69+)

Plasmacytoid B cells (CD19+/CD20+/CD138+)

SLE subset plasma cells (CD19+/CD27BRIGHT+/CD38BRIGHT+)

Short-lived plasma B cells (CD19+/CD20-/CD27BRIGHT+)

Plasma B cells (CD19+/CD20-/CD138+)

IgG

120

107

107

106

116

117

117

114

118

150

–82.73

–83.22

–87.39

–67.18

–98.85

–98.00

–50.00

–47.50

–92.31

–27.63

350–150 –100 –50 0 200 250 30050 100 150

Figure 1 Median percentage change (IQR)* from baseline 
at last time point† for B cell counts and serum IgG levels‡ in 
patients treated with belimumab (mITT population). *Whiskers 
indicate 10th and 90th percentiles; †study year 7, week 24 
for all B cell subsets, and study year 6, week 48 for IgG; 
‡10th and 90th percentiles for the IgG data are not shown. 
CD, cluster of differentiation; IQR (25th and 75th percentiles); 
mITT, modified intention- to- treat.

Figure 2 Median percentage change from baseline over 
time for B cells and IgG in patients treated with belimumab 
(mITT population). CD, cluster of differentiation; mITT, 
modified intention- to- treat.
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a combined rate of 0.1 per 100 patient- years). Elevated 
serum IgG levels, but not B cell counts, at baseline were 
associated with increased rates of infection over the treat-
ment period (rate ratio per tertile increase 1.75; 95% CI 
1.24 to 2.46, p<0.05) (table 2).

Impact of early biomarker changes
Changes in SRI- 4 response or infection rates did not 
appear to be associated with early (within the first 24 
weeks of belimumab treatment) changes in biomarkers, 
except for serum IgG levels. Patients with small changes 
in serum IgG in the first 24 weeks of belimumab treatment 
also showed low SRI- 4 response rates (rate ratio per tertile 
increase 0.90; 95% CI 0.82 to 0.98, p<0.05) (table 3).

Impact of covariates on end point-biomarker relationship
Baseline SELENA- SLEDAI Scores ≥10 were associated 
with a significant increase in SRI- 4 responses compared 
with lower scores (<10), with a rate ratio estimate of ~1.5 
in all statistical models. Age and BMI, and the use of 
immunosuppressants, did not significantly predict SRI- 4 
responses. Similarly, baseline SELENA- SLEDAI category, 
immunosuppressant use and BMI did not have a signifi-
cant impact on the incidence of serious or severe infec-
tions over the treatment period. Age was not a significant 
factor in any of the B cell statistical models but signifi-
cantly impacted the number of serious or severe infec-
tions in the IgG statistical models (rate ratio: 1.37; 95% CI 
1.05 to 1.78, per 10 year increase in age, p=0.020).

DISCUSSION
The present analysis builds on previous studies charac-
terising biomarker responses over 2 years and beyond, 
and clinical responses over 6 years with belimumab 
therapy.12–15 We observed a marked decline in circulating 
B cell subset counts during such long- term, continual 
belimumab treatment, but no subsets were completely 
depleted. This is in line with observations from BLISS- 7612 
and phase II studies18 19 of belimumab. B cell subsets show 
varying degrees of dependence on BLyS, so it is antici-
pated that their response to belimumab treatment will 
differ accordingly. In the present study, most B cell subset 
counts reached a plateau by weeks 288 or 312, and with 
the exception of memory B cells and serum IgG levels, 
no further substantial reductions would be expected. Of 
note, neither SLE subset nor short- lived plasma B cell 
counts plateaued and instead fluctuated throughout the 
study period. This, however, may be due to the higher 
variability in blood cell count for these rare/small subsets.

Table 2 Impact of baseline B cells and IgG on efficacy and safety over the entire treatment period (mITT population)

Biomarker
Number of SRI- 4 
responses*

Number of serious/severe 
infections*

B cells (CD19+) 1.13 (1.03 to 1.23)† 0.85 (0.63 to 1.15)

B cells (CD20+) 1.13 (1.03 to 1.23)† 0.71 (0.50 to 1.00)

Naïve B cells (CD19+/CD20+/CD27−) 1.10 (1.01 to 1.21)† 0.81 (0.61 to 1.07)

Memory B cells (CD19+/CD20+/CD27+) 1.09 (1.00 to 1.18) 1.00 (0.70 to 1.44)

Activated B cells (CD20+/CD69+) 1.00 (0.92 to 1.09) 1.06 (0.77 to 1.48)

Plasmacytoid B cells (CD19+/CD20+/CD138+) 1.07 (0.98 to 1.17) 1.21 (0.86 to 1.69)

SLE subset plasma cells (CD19+/CD27bright+/CD38bright+) 0.86 (0.79 to 0.95)† 0.97 (0.73 to 1.28)

Short- lived plasma B cells (CD19+/CD20−/CD27bright+) 0.88 (0.80 to 0.96)† 0.82 (0.57 to 1.17)

Plasma B cells (CD19+/CD20−/CD138+) 0.93 (0.85 to 1.01) 1.23 (0.81 to 1.87)

IgG 1.01 (0.93 to 1.10) 1.75 (1.24 to 2.46)†

Rate ratios are calculated from a negative binomial regression model with offset log of follow- up time that includes terms for age, body mass 
index, baseline SLEDAI, baseline immunosuppressant use, treatment group and baseline biomarker tertile.
Tertile definitions are shown in online supplemental table S1.
*Rate ratio per tertile increase and 95% CIs based on baseline biomarker tertile.
†Statistical significance at 0.05 level.
CD, cluster of differentiation; mITT, modified intent- to- treat; SLEDAI, SLE Disease Activity Index; SRI, SLE Responder Index responses.

Figure 3 Median percentage change from baseline over 
time for anti- dsDNA in patients positive for anti- dsDNA 
at baseline (≥30 IU/mL) treated with belimumab (mITT 
population)* *The anti- dsDNA data presented are from the 
clinical study report of study BEL112233 (NCT00724867) for 
a subpopulation of patients (n=135) positive for anti- dsDNA 
antibodies (≥30 IU/mL) at baseline dsDNA, double- stranded 
DNA; mITT, modified intention- to- treat.
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An initial increase in memory B cells in response to beli-
mumab, peaking at week 24, was followed by a sustained 
decline, and a similar pattern has generally been observed 
in earlier studies of belimumab.13 15 18 The cause of this 
response is unclear; the time profile is consistent with a 
transient redistribution of memory B cells from lymphoid 
tissues to the circulation, combined with a slow decrease 
in total numbers. The results presented (ie, a substan-
tial reduction of memory B cells after multiple years of 
treatment) are in contrast with reports of their limited 
dependence on BLyS for survival.20 21 However, this 
seeming discrepancy could be explained if the survival of 
memory B cells is BLyS- independent but the survival of 
their precursors is not. In that case, after BLyS reduction 
by belimumab, the pool of memory B cells would not be 
adequately replenished and would decrease over time.

Low IgG levels are considered a risk factor for infec-
tions.22 In this study, a median reduction of IgG levels of 
˂30% to a median level of 10.30 g/L (8.57 g/L at 25th 
percentile) after approximately 5.5 years of belimumab 
treatment did not raise safety concerns for a typical 
patient, based on IgG lower limits of normal of 6─7 g/L, 
a result in line with previous reports.23 During the same 
time frame, anti- dsDNA IgG antibody levels in patients 
positive for anti- dsDNA antibodies at baseline decreased 
by 64.9% (figure 3), demonstrating that long- term beli-
mumab treatment preferentially decreased these SLE- 
specific autoreactive antibodies.

B cell reductions from baseline were not correlated 
with any significant changes in the known safety profile 
of belimumab. Despite continued reductions in B cell 
subsets, there was no trend for increased rates of serious 
or severe infections with longer treatment durations.23 24 

This suggests that the residual B cell populations retained 
B cell clones essential for humoral immunity and that 
belimumab might preferentially reduce B cells with 
antigen specificities or functionality redundant for 
humoral immunity.25 However, in the present analysis, 
elevated serum IgG levels at baseline were associated with 
significantly increased rates of infection over the treat-
ment period. This may be related to patients having more 
severe disease (ie, high baseline SELENA- SLEDAI Scores) 
at study entry. Higher disease activity and more refractory 
disease may in turn increase the likelihood of patients 
receiving more potent and higher doses of immunosup-
pressive therapies and, therefore, having an increased 
susceptibility to infections. While this hypothesis could 
not be confirmed within the confines of this study, such 
a relationship of serological activity (low complement 
levels and elevated titres of anti- dsDNA antibodies) with 
increased baseline IgG, SELENA- SLEDAI Scores, and 
immunosuppressant use was demonstrated previously in 
the pooled BLISS- 52 and BLISS- 76 population.26 Long- 
term extension studies showed reductions in immuno-
suppressant use with belimumab, and lower incidence of 
infections, including serious infections.23 24 In the current 
study, immunosuppressant use did not have a significant 
impact on rates of infections.

Smaller reductions or increases in serum IgG levels in 
the first 24 weeks were associated with significantly lower 
SRI- 4 response rates to belimumab. This finding is consis-
tent with an analysis of biomarkers over the first 76 weeks 
in which belimumab- treated patients with normalisation 
of IgG levels had significantly greater SRI response rates 
than did patients without normalisation at weeks 24 and 
40.15

Table 3 Impact of early changes in B cells on efficacy and safety over the entire treatment period (mITT population)

Biomarker
Number of SRI- 4 
responses*

Number of serious/severe 
infections*

B cells (CD19+) 0.97 (0.89 to 1.05) 1.25 (0.88 to 1.79)

B cells (CD20+) 0.96 (0.88 to 1.05) 1.16 (0.83 to 1.64)

Naïve B cells (CD19+/CD20+/CD27−) 0.94 (0.85 to 1.03) 1.18 (0.78 to 1.78)

Memory B cells (CD19+/CD20+/CD27+) 0.98 (0.89 to 1.07) 1.20 (0.87 to 1.66)

Activated B cells (CD20+/CD69+) 0.93 (0.85 to 1.01) 1.12 (0.77 to 1.62)

Plasmacytoid B cells (CD19+/CD20+/CD138+) 0.92 (0.85 to 1.01) 1.19 (0.86 to 1.65)

SLE subset plasma cells (CD19+/CD27bright+/38bright+) 1.00 (0.92 to 1.09) 1.03 (0.73 to 1.45)

Short- lived plasma B cells (CD19+/CD20−/CD27bright+) 1.01 (0.92 to 1.10) 0.95 (0.69 to 1.32)

Plasma B cells (CD19+/CD20-/CD138+) 0.98 (0.90 to 1.07) 1.15 (0.80 to 1.66)

IgG 0.90 (0.82 to 0.98)† 0.83 (0.59 to 1.18)

Rate ratios are calculated from a negative binomial regression model with offset log of follow- up time that includes terms for age, body mass 
index, baseline SLEDAI, baseline immunosuppressant use, treatment group and change from baseline at 6 months biomarker tertile.
Tertile definitions are shown in online supplemental table S1.
Most extreme reductions are in tertile 1 (ie, a value of 0.90 indicates that the probability of response is reduced by 0.9 for a patient in tertile 
2 compared with tertile 1, and by 0.81=0.9*0.9 for patients in tertile 3 compared with tertile 1 while holding all other variables in the model 
constant).
*Rate ratio per tertile increase and 95% CIs based on the percent change from baseline at 6 months biomarker tertile.
†Statistical significance at 0.05 level.
CD, cluster of differentiation; mITT, modified intention- to- treat; SLEDAI, SLE Disease Activity Index; SRI, SLE Responder Index responses.
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In the present study, elevated baseline naïve B cell 
counts were associated with improved SRI- 4 response 
rates, while higher baseline SLE subset plasma and short- 
lived plasma B cell counts were associated with poorer 
SRI- 4 response rates. None of the other B cell subsets 
significantly influenced SRI- 4 response. Improvements in 
clinical response could be due in part to reductions in 
certain BLyS- dependent B cell populations leading to a 
reduction in inflammatory cytokines27 and/or autoanti-
body production.16 18

Higher baseline SELENA- SLEDAI Scores (≥10 vs 6–9) 
used as covariates on end point- biomarker relationships 
were associated with a higher SRI- 4 response rate. This 
relationship has been shown elsewhere in univariate 
analyses of likelihood of response and baseline disease 
activity and may reflect the effect of analysing an absolute 
threshold (4- point reduction as part of the SRI- 4) with 
more room for improvement or a greater involvement 
of BLyS- driven pathology in patients with high- disease 
activity as compared with patients with lower- disease 
activity.26

There are several limitations inherent to the study. As 
a post hoc analysis, the study was not formally designed 
to assess the relationship between numbers of B cells, 
IgG concentrations, and efficacy and safety end points. 
However, assessment of absolute numbers/levels of these 
biomarkers would be of interest to evaluate in the future, 
because this may allow potential thresholds to be estab-
lished to assist clinicians in relating biomarker levels to 
infectious events or other AEs observed in clinical prac-
tice. At the time of the study, the differentiation between 
naïve B cells and double- negative memory B cells had not 
been well established and, accordingly, was not studied. 
As such, further investigation is warranted. However, 
a recent analysis of samples from patients with lupus 
nephritis or with SLE demonstrated that both unswitched 
and switched (IgG1+, IgG2+, IgA1+, IgA2+) memory B 
cells increased after belimumab treatment.28 Increases of 
both preswitched (IgD +CD27+) and postswitched (IgD−
CD27+) memory B cells have also been demonstrated for 
another BLyS/BAFF antagonist.29 At baseline, there may 
have been an existing effect of prior therapies on B cell 
subsets, and no adjustments for multiplicity were made, 
increasing the chance of introducing a type 1 error. When 
analysing the B cell counts and serum IgG levels after 312 
weeks (6 years) of belimumab treatment, the completers 
subpopulation represents <45% of the 268 patients who 
initially entered the continuation study. This subpopula-
tion may not be representative of the entire study popu-
lation, as there may have been a natural selection bias 
towards those who had good initial responses to belim-
umab and few AEs, including infection. This may have 
contributed to the low rates of serious or severe infection 
as an AE. As such, these data should be interpreted with 
caution. However, this study’s design is similar to that 
of the two belimumab phase II continuation studies, in 
which patients also switched treatment (from placebo to 
belimumab or from lower to higher belimumab dose). In 

line with results from this study, the two phase II studies 
showed increases in SRI responses, and reductions in 
flares, AE rates and serological biomarker levels, over 
time.23 24 This analysis only focused on the B cell popula-
tion in the blood and did not analyse B cell subsets in the 
secondary lymphoid tissue where the immune response 
is facilitated. Furthermore, the effect of belimumab 
treatment on T cell counts was not assessed; however, 
belimumab has been demonstrated to exert only mild 
effects on T cell populations, if any, and these appear to 
be restricted to the subset of CD8 + effector memory T 
cells.18 30 It is also pertinent to note that data may have 
differed between those initially enrolled into belimumab 
1 mg vs 10 mg groups compared with placebo. The effect 
of the 76- week delay in the placebo group starting belim-
umab treatment was not formally investigated; however, B 
cell and IgG changes for placebo and active groups were 
similar (with regard to the timing and magnitude of the 
response) after accounting for the time shift,31 justifying 
the pooling of these groups in this analysis. Moreover, 
results from phase III studies showed similar reductions 
in multiple B cells and plasma B cell subsets with belim-
umab for patients who received 1 mg/kg dose to those in 
patients who received the 10 mg/kg dose.15 Furthermore, 
the patients enrolled in the continuation study were a 
subpopulation of the initial study, and of these, some did 
not have SRI- 4 and biomarker data up to 312 weeks (6 
years) available for analysis.

CONCLUSIONS
Belimumab treatment up to 284 (~5.5 years) and 312 weeks 
(6 years) resulted in substantial decreases in most of the 
assessed circulating B cell subset counts and in serum IgG 
levels. The observed decreases in B cell subsets and IgG 
levels with long- term belimumab treatment are in line with 
its mechanism of action and with observations from previous 
analyses of patients with SLE.13 15 Elevated baseline naïve 
B cells were associated with improvements in SRI- 4, while 
elevated baseline SLE subset plasma and short- lived plasma 
B cells, and early increases in IgG levels, were associated with 
poorer SRI- 4 response. Elevated baseline IgG titre was associ-
ated with significantly increased infection rates. Assessment 
of these biomarkers before initiating long- term belimumab 
treatment may have value in predicting response and infec-
tion risk and may also assist in counselling and management 
of patients with SLE.
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