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Abstract

Background: Elevated B lymphocyte stimulator (BLyS) levels in patients with systemic lupus erythematosus (SLE)
correlate positively with disease activity; BLyS expression is directly linked to interferon (IFN) pathway activation. This
post hoc meta-analysis of BLISS-52 and BLISS-76 explored the relationship between baseline BLyS mRNA/protein
levels and/or type 1 IFN-inducible gene signature (IFN-1) and responses to the BLyS-targeting monoclonal antibody
belimumab in SLE.

Methods: In BLISS-52 and BLISS-76, patients with autoantibody-positive SLE and a SELENA-SLEDAI score = 6 and
receiving stable standard SLE therapy were randomised to intravenous belimumab 10 mg/kg or placebo, plus
standard of care (SoQ), for 52 or 76 weeks. For this post hoc meta-analysis, patients with an appropriate mRNA
sample were stratified by BLyS mRNA expression (tertiles: high/medium/low; revised quantiles: high/low), IFN-1
mMRNA expression (high/low) and BLyS protein level (high/low). Co-primary endpoints were correlation between
baseline BLyS and IFN-1 mRNA levels and SLE Responder Index (SRI)4 response at week 52 within BLyS/IFN-1
subgroups. Secondary endpoints included time to first severe SELENA-SLEDAI Flare Index (SFI) flare.
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p =0.0090) subgroups.

and medium/high BLyS mRNA levels.

Messenger RNA

Results: Of 554 patients included in this analysis, 281 had received belimumab and 273 had received placebo.
Baseline BLyS and IFN-T mRNA levels were highly correlated (Spearman’s rank correlation coefficient 0.7799; 95%
confidence interval [CI] 0.7451, 0.8106; p < 0.0001). The proportion of SRI4 responders was higher with belimumab
versus placebo in all subgroups, but the difference reached statistical significance in the medium BLyS mRNA tertile
(odds ratio [OR] 2.17; 95% Cl 1.16, 4.04; p = 0.0153), high BLyS mRNA quantile (OR 1.58; 95% ClI 1.02, 2.44; p = 0.0402),
high IFN-T mRNA (OR 1.58; 95% Cl: 1.08, 2.31; p =0.0186) and high BLyS protein (OR 3.57; 95% Cl 1.63, 7.83; p = 0.0015)
subgroups only. The risk of severe SFl flare was significantly lower with belimumab than placebo in the high BLyS
mRNA quantile (hazard ratio [HR] 0.59; 95% Cl 0.36, 0.97; p =0.0371) and high BLyS protein (HR 0.39; 95% CI 0.19, 0.79;

Conclusions: This post hoc meta-analysis demonstrated a tendency towards improved response to add-on
intravenous belimumab 10 mg/kg versus SoC alone in patients with high baseline BLyS protein and IFN-T mRNA levels
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Background

Systemic lupus erythematosus (SLE) is a chronic auto-
immune disorder that affects a variety of organ systems
and markedly impairs health-related quality of life [1-3].
The course of SLE is characterised by periods of disease
flare and remission, with treatment aiming not only to
minimise disease activity, but also to reduce the risk of
flares [4]. Patients with autoimmune diseases such as
SLE often have increased blood levels of B lymphocyte
stimulator (BLyS), also known as B cell activating factor
[5-7], a member of the tumour necrosis factor ligand
superfamily that promotes the survival of B lymphocytes,
inhibits B cell apoptosis and is involved in the differenti-
ation of B cells into immunoglobulin-producing plasma
cells [8—11]. Elevated levels of BLyS positively correlate
with elevated autoantibody levels, serum immunoglobu-
lin G and disease activity [5-7, 12].

Belimumab is a recombinant, human, immunoglobulin
G1 lambda monoclonal antibody that binds soluble BLyS
protein and inhibits its biological activity [13, 14]. Beli-
mumab International Systemic Lupus Erythematosus
(BLISS)-52 and BLISS-76 were randomised, double-
blind, placebo-controlled, multicentre, phase 3 studies of
intravenous (IV) belimumab plus standard of care (SoC),
with similar study designs, conducted in patients with
active SLE in spite of SoC treatment [15, 16]. Results of
these studies showed that treatment with belimumab 10
mg/kg IV every 2 weeks for 3 doses and every 4 weeks
thereafter was effective in significantly reducing disease
activity as measured by the Systemic Lupus Erythemato-
sus Responder Index (SRI) at week 52, the primary effi-
cacy endpoint of both trials.

Data from these trials also suggested that belimumab
treatment may be associated with reduced steroid use
and reduced risk of severe flare in this population. Interest-
ingly, the difference in the proportion of SRI responders for

belimumab versus placebo at week 52 was more evident in
patients with a high serum BLyS protein level (> 2 ng/ml) at
baseline when compared with the total population or those
with a BLyS level < 2 ng/ml [17], suggesting that BLyS
protein may be a good predictor of response to beli-
mumab. Notably, BLyS messenger ribonucleic acid
(mRNA) has shown stronger correlation than BLyS
protein to SLE disease activity, suggesting that BLyS
mRNA may be a better predictor of response to beli-
mumab than BLyS protein [18, 19]. Furthermore, it
has previously been reported that BLyS expression is
directly linked to and regulated by interferon (IEN)
signalling [20], and improved responses to IFN path-
way inhibitors have been seen in patients with SLE
and high IFN levels compared with low IFN in early
SLE trials [21].

Examining the relationship between the expression of
type I IFN-regulated genes (IEN signature) and response
to belimumab in the phase 3 trial sample sets could
potentially help to clarify the role of the biomarkers in
identifying patient subgroups that will respond well to
belimumab treatment. As such, a post hoc analysis of
data from BLISS-52 and BLISS-76 was conducted in a
subset of patients with SLE from whom RNA samples
had been collected and stored. The objectives of this
study were to evaluate the efficacy of belimumab versus
placebo among patients with SLE stratified by whole-
blood BLyS mRNA/protein levels and by type 1 IFEN-
inducible gene signature (IFN-1) status at study baseline.

Methods

Post hoc analysis design

This study (GSK study 208651) was a post hoc meta-
analysis of the two phase 3 studies of IV belimumab:
BLISS-52 (NCT00424476) and BLISS-76 (NCT00410384),
in which patients received belimumab 10 mg/kg IV plus
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SoC or placebo plus SoC for 52 or 76 weeks, respectively.
Full details of the original studies have been published
elsewhere [15, 16]. This analysis was performed to explore
the efficacy of belimumab 10mg/kg compared with
placebo when patients were stratified by whole-blood
BLyS mRNA delta cycle threshold (CT; expression) levels
(tertiles: high [>0.650], medium [- 0.061 to 0.650], low [<
- 0.061]; binary: high [>0.0382], low [<0.0382]) and pro-
tein levels (high [>2ng/mL], low [<2ng/mL]) and by
IFN-1 mRNA status (high [>1.09], low [< 1.09]) at study
baseline.

Participants

The original study populations included patients with
SLE who were autoantibody-positive (antinuclear anti-
body titre > 1:80 and/or anti-double-stranded deoxyribo-
nucleic acid >30IU/mL) with a Safety of Estrogen in
Lupus Erythematosus National Assessment-Systemic
Lupus Erythematosus Disease Activity Index (SELENA-
SLEDALI) score > 6 who had been receiving stable standard
SLE therapy for > 30 days prior to enrolment [15, 16]. Pa-
tients with severe active lupus nephritis (> 6 g/24h pro-
teinuria or > 2.5 mg/dL serum creatinine) or severe active
central nervous system SLE were excluded. The gene ex-
pression population used for this post hoc analysis was de-
fined as all randomised patients who received at least one
dose of belimumab 10 mg/kg or placebo during the ori-
ginal studies and who had an mRNA sample that passed
quality control. A group of 25 healthy volunteers also pro-
vided mRNA samples, which were used to determine a
typical distribution of BLyS and IFN-1 mRNA levels.

Samples
RNA from BLISS-52 and BLISS-76 participants and healthy
volunteers was reverse transcribed to c-deoxyribonucleic
acid (Applied Biosystems) prior to quantitative polymerase
chain reaction measurements in triplicate by Tagman assay
(Life technologies) on a Fluidigm BioMark platform (Ex-
pression Analysis, Q2 solutions). Outlier replicate CT's were
excluded prior to generation of a pCT per gene/sample. Ex-
pression was normalised against a panel of housekeeping
genes (ActB, GAPDH, 18S, PPIA, HPRTI, RPLPO and
B2M) to generate a AuCT for TNFSF13B (BLyS) and indi-
vidual IEN signature genes, IFI27, IFI44, IFI44L and RSAD2.
The IEN-1 signature AAuCT for each gene and sample was
generated by normalisation to the pooled healthy samples;
the median of the AAuCT was the IEN-1 signature score
for each sample.

BLyS protein data was analysed for the patients from
whom BLyS mRNA was assessed.

Endpoints
There were two co-primary endpoints: the correlation
between baseline BLyS mRNA levels and baseline IFN-1
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mRNA status in the entire study population, and the
SRI4 response at week 52 within BLyS mRNA/protein
levels and IFN-1 status subgroups. An SRI4 responder
was defined as having a > 4-point reduction from base-
line in SELENA-SLEDAI score and no worsening in
Physician Global Assessment (PGA) score from baseline
(worsening defined as an increase of = 0.3 points) and
no new British Isles Lupus Assessment Group of SLE
Clinics (BILAG) A organ domain score, or two new
BILAG B organ domain scores compared with baseline.

Secondary endpoints for this analysis included SRI4
response over time, time to first severe flare, more ex-
treme SELENA-SLEDAI response (SRI4 responder and
[SELENA-SLEDALI total score <4 or clinical SELENA-
SLEDALI total score < 2]) and SRI8 response (modifying
the SRI4 response to require an > 8-point reduction
from baseline in SELENA-SLEDAI score) in relation
to baseline BLyS mRNA and IFN-1 mRNA status
subgroups.

Gene expression data were used to investigate the dis-
tribution of baseline BLyS mRNA levels, IFN-1 mRNA
status and BLyS protein levels. Additionally, the correl-
ation between BLyS protein and mRNA levels at baseline
was assessed.

Safety outcomes were not assessed in this post hoc
analysis.

Analyses and statistics

Data are presented for BLyS mRNA tertiles (high,
medium, low) and for a revised binary stratification
(high, low). The BLyS mRNA tertiles were protocol-
defined and created using the 33.33rd and 66.67th per-
centiles of the quantitative polymerase chain reaction
BLyS mRNA delta CT distribution data (Additional file 1:
Supplementary Figure S1A), based on a previous publi-
cation that demonstrated a prognostic effect of BLyS
mRNA levels in patients with SLE [19]. However, as
BLyS mRNA tertile stratification findings did not align
with previous results, a revised binary stratification of
high and low was also implemented based on the distri-
bution of BLyS mRNA delta CT levels for 24 healthy vol-
unteers (Additional file 1: Supplementary Figure S1B).
Data from one outlier were excluded as the value for that
particular subject did not align with the data from the
other 24 volunteers. High and low IFN-1 status subgroups
were determined according to IFN-1 mRNA expression
(defined as the median mRNA level of IFI27, IFI44, IFI44L
and RSAD?2) in each sample, with a high/low stratification
implemented using the trough in the bimodal distribution
of IEN-1 as the cut-off (Additional file 1: Supplementary
Figure S1C). BLyS protein level subgroups (high, low)
(Additional file 1: Supplementary Figure S1D) were de-
fined based on a previous publication that demonstrated a
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correlation between BLyS protein levels and response to
belimumab in patients with SLE [17].

All post hoc analyses were conducted in the gene
expression population. A logistic regression model was
used to estimate the odds of an SRI4 response for beli-
mumab versus placebo for the BLyS mRNA/protein and
IFN-1 mRNA subgroups and overall, with variables of
the treatment group, study, baseline SELENA-SLEDAI
score (<9 versus > 10), baseline proteinuria levels (<2 g/
24 h versus > 2 g/24 h equivalent) and race (African des-
cent or Native American descent versus other), and the
BLyS subgroup or IFN-1 mRNA status (overall analysis
only). The correlation between BLyS mRNA levels and
IFN-1 mRNA status at baseline was assessed using Spear-
man’s rank correlation coefficient. This was assessed fur-
ther using a chi-square test to compare the subgroups.
The correlation between BLyS protein levels and BLyS
mRNA levels at baseline was also assessed using Spear-
man’s rank correlation coefficient. Time to first severe
SELENA-SLEDAI Flare Index (SFI) flare over 52 weeks
was compared between belimumab and placebo using a
Cox proportional hazards model, with variables of the
treatment group, study, baseline SELENA-SLEDAI score
(<9 versus >10), baseline proteinuria levels (<2g/24h
versus > 2 g/24 h equivalent) and race (African descent or
Native American descent versus other), and the BLyS sub-
group or IFN-1 status (overall analysis only). This was car-
ried out for BLyS mRNA tertiles (high, medium, low),
BLyS mRNA revised subgroups (high, low), IFN-1 mRNA
subgroups (high, low) and BLyS protein subgroups (high,
low).

All statistical tests were 2-sided and performed at an
overall significance level of 0.05.

Results

Baseline demographics and characteristics

A total of 554 patients were included in the gene expres-
sion population; of these, 281 had received belimumab
and 273 had received placebo. Baseline demographics
were generally similar across the BLyS and IFN-1 sub-
groups (Table 1); however, as expected, lower disease
activity was seen in the BLyS mRNA/protein low and
IFN-1 mRNA low subgroups compared with the other
subgroups.

BLyS and IFN-1 correlations

Overall baseline BLyS mRNA levels and IFN-1 mRNA
status were highly correlated (Spearman’s rank correl-
ation coefficient 0.7799; 95% CI 0.7451, 0.8106; p <
0.0001 (Fig. 1, Additional file 3: Table S1)), confirmed
with chi-square tests of BLyS mRNA tertiles (high/
medium/low) and IFN-1 mRNA subgroups (high/low,
p <0.0001 (Additional file 4: Table S2)) and BLyS
mRNA (high/low) and IFN-1 mRNA subgroups (high/
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low, p <0.0001 (Additional file 5: Table S3)). BLyS pro-
tein and BLyS mRNA levels had a moderate correlation
that was statistically significant due to the high sample
size (Spearman’s rank correlation coefficient 0.2891; 95%
CI 0.2108, 0.3636; p < 0.0001 (Additional file 2: Supple-
mentary Figure S2, Additional file 6: Table S4)).

SRI4 response to belimumab at week 52 of treatment
The percentage of SRI4 responders at week 52 was
greater for the belimumab group compared with the pla-
cebo group for the low, medium and high BLyS mRNA
subgroups (Fig. 2a). The odds ratio (OR) was not statisti-
cally significant for the low BLyS mRNA subgroup (OR
1.10; 95% CI 0.58, 2.07; p =0.7785) or the high BLyS
mRNA subgroup (OR 1.62; 95% CI 0.87, 3.01; p =
0.1255); however, it was statistically significant for the
medium BLyS mRNA subgroup (OR 2.17; 95% CI 1.16,
4.04; p =0.0153; Fig. 2a). When assessing based on bin-
ary stratification of BLyS mRNA levels (high/low), the
proportion of SRI4 responders at week 52 was higher
with belimumab versus placebo in both subgroups, but
the difference reached significance in the high subgroup
only (OR 1.58; 95% CI 1.02, 2.44; p =0.0402 (Fig. 2b)).
There were also more SRI4 responders at week 52 for
belimumab versus placebo in both high and low IEN-1
mRNA subgroups, but the difference reached statistical
significance in the high IFN-1 subgroup only (OR 1.58;
95% CI 1.08, 2.31; p = 0.0186; Fig. 2c). Likewise, the pro-
portion of SRI4 responders at week 52 was higher with
belimumab versus placebo in both BLyS protein level
subgroups, but the difference reached significance in the
high subgroup only (OR 3.57; 95% CI 1.63, 7.83; p =
0.0015 (Fig. 2d)).

There were more SRI4 responders in belimumab-
treated versus placebo-treated patients at almost all
timepoints in both the high and low revised BLyS
mRNA subgroups (Fig. 3a, b). The proportion of SRI4
responders was higher with belimumab versus placebo
at all timepoints in the IFN-1 high mRNA subgroup
(Fig. 3c), but proportions were generally similar between
belimumab and placebo in the IFN-1 low mRNA sub-
group (Fig. 3d). In both the high and low BLyS protein
level subgroups, the proportion of SRI4 responders was
higher with belimumab than with placebo; however, this
difference was greatest in the high BLyS protein sub-
group (Fig. 3e, f). The overall response is also included
for comparison (Fig. 3g).

Time to first severe SFI flare over 52 weeks

In the revised BLyS mRNA high subgroup, patients re-
ceiving belimumab had significantly lower risk of severe
SFI flare than those receiving placebo (hazard ratio [HR]
0.59; 95% CI 0.36, 0.97; p =0.0371; Additional file 7:
Table S5). Although the risk of severe SFI flare was
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Spearman’s Rank correlation coefficient =
0.7799; 95% CIl = (0.7451, 0.8106); p<0.0001
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Fig. 1 Correlation between baseline BLyS mRNA levels and baseline IFN-1 levels. One patient did not receive a dose of study medication but is
included here as his/her baseline gene expression sample was analysed. BLyS B lymphocyte stimulator, Cl confidence interval, CT cycle threshold,
IFN interferon, IFN-1 type 1 IFN-inducible gene signature, mRNA messenger ribonucleic acid

higher with belimumab versus placebo in the BLyS
mRNA low subgroup, the difference did not reach statis-
tical significance (HR 1.24; 95% CI 0.61, 2.51; p = 0.5576;
Fig. 4a—c; Additional file 7: Table S5). The risk of severe
SFI flare was lower in patients treated with belimumab
versus those treated with placebo in both the IFN-1 low
mRNA (HR 0.70; 95% CI 0.16, 3.07) and high (HR 0.75;
95% CI 0.50, 1.13) subgroups, but the difference did not
reach statistical significance in either group (p =0.6382
and p =0.1716, respectively; Fig. 4d—f; Additional file 7:
Table S5). The risk of severe SFI flare was significantly
lower in belimumab- versus placebo-treated patients in
the BLyS protein high subgroup (HR 0.39; 95% CI 0.19,
0.79; p =0.0090), but not in the BLyS protein low sub-
group (HR 1.06; 95% CI 0.65, 1.73; p = 0.8146; Fig. 4g—i;
Additional file 7: Table S5).

Alternative SRI4 response category responders at week 52

The proportion of patients achieving an alternative SRI4
response (SRI4 responder and [SELENA-SLEDAI total
score <4 or clinical SELENA-SLEDAI total score <2])
was consistently higher with belimumab versus placebo
in BLyS mRNA high and low subgroups, IFN-1 mRNA
high and low subgroups and BLyS protein high and low
subgroups. However, the difference reached statistical
significance only in the BLyS mRNA high (OR [95% CI]
1.64 [1.04, 2.57]; p =0.0322), IEN-1 mRNA high (OR
[95% CI] 1.57 [1.06, 2.33]; p =0.0236) and BLyS protein

high (OR [95% CI] 3.89 [1.63, 9.30]; p =0.0023) sub-
groups only (Additional file 8: Table S6).

SRI8 responders at week 52

The proportions of patients achieving an SRI8 response
were higher with belimumab versus placebo in both
BLyS mRNA subgroups, both IFN-1 mRNA subgroups
and both BLyS protein subgroups; but the difference
reached statistical significance only in the BLyS mRNA
low (OR [95% CI] 3.52 [1.25, 9.97]; p = 0.0176) and IFN-
1 mRNA high (OR [95% CI] 1.87 [1.01, 3.47]; p = 0.0459)
subgroups only (Additional file 9: Table S7).

Discussion

The presence of elevated levels of BLyS mRNA and pro-
tein in patients with SLE is well established [5, 7, 18, 22].
This post hoc meta-analysis of two previous phase 3 SLE
studies aimed to explore the relationship between BLyS
mRNA levels and/or IFN-1 mRNA status and clinical re-
sponses to IV belimumab (10 mg/kg) treatment in the
SLE population.

Our data suggested a tendency towards better re-
sponse to belimumab in patients who had higher base-
line BLyS mRNA/protein and/or IFN-1 mRNA levels.
However, there are a number of limitations associated
with this exploratory post hoc analysis, which should be
considered when interpreting the results. First, the sam-
ple size was based simply on the number of patients
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Fig. 2 SRI4 response at week 52 of treatment. In patients with SELENA-SLEDAI = 4 at baseline; fcovariates include the treatment group, study,
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J

who had an mRNA sample that had passed quality con-
trol; therefore, the BLyS mRNA subgroups were not
powered to detect a clinically significant difference in
SRI4 response rates. In addition, differences in SLE pop-
ulations and subsequent levels of BLyS transcriptional
activity in different populations are likely to result in
variation in tertile cut-offs between studies. We looked
to address this limitation by anchoring our subgroup
boundaries to a defined population of healthy controls,

which may be a useful reference in future studies of this
nature. Finally, prospective studies will be needed to
confirm the relationship between BLyS/IFN-1 and treat-
ment response shown in this exploratory post hoc
analysis.

Our original approach was to stratify patients into ter-
tiles in line with the publication by Zollars et al., which
demonstrated that higher levels of BLyS gene expression
were associated with higher levels of clinical and
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serological SLE activity when patients were divided into
low, medium and high BLyS mRNA groups [19]. Upon
analysing the data from the current study, it became
apparent that the results from this stratification did not
align with the findings from the Zollars study, with the
best week 52 SRI4 response to belimumab seen in the
medium BLyS mRNA level subgroup and non-
significant improvements with belimumab versus pla-
cebo in the high and low BLyS mRNA level subgroups.
Given the previous evidence of a correlation between
BLyS mRNA/protein levels and disease activity [17-19],
we decided to analyse our data according to additional
revised strata consisting of two subgroups of high and
low BLyS mRNA expression. For this, BLyS mRNA
levels from a population of healthy volunteers were uti-
lised to determine a typical distribution of BLyS mRNA
levels such that a level above normal may be defined.

Notably, this method may be useful for future cohorts to
ensure that any definition of high/low BLyS mRNA is
set relative to a normal BLyS level.

With the subgroups defined by the revised BLyS
mRNA cut-off levels, the proportion of SRI4 responders
at week 52 was significantly greater with belimumab ver-
sus placebo in patients in the high BLyS mRNA sub-
group. Furthermore, significantly greater proportions of
SRI4 responders with belimumab versus placebo were
seen in the high IFN-1 and high BLyS protein sub-
groups, with between-treatment differences of 12.3% and
27.3%, respectively, compared with respective differences
of 3.8% and 5.6% in the low IEN-1 and low BLyS protein
subgroups. The relationship between BLyS protein levels
and response to belimumab was demonstrated in a pre-
vious post hoc analysis of the BLISS studies [17], and
these data are in keeping with a prospective study that
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demonstrated greater disease activity with higher levels
of BLyS protein in patients with SLE [6].

Secondary endpoint outcomes built upon the SRI4 re-
sponder findings, with patients in the high BLyS mRNA
and high BLyS protein subgroups also demonstrating
significantly lower risk of severe SFI flare with beli-
mumab versus placebo. Furthermore, the alternative
SRI4 response (SRI4 responder and [SELENA-SLEDAI
total score <4 or clinical SELENA-SLEDAI total score <
2]) was consistently achieved by higher proportions of
belimumab-treated than placebo-treated patients, but

differences only reached significance in the high BLyS
mRNA, high IFN-1 mRNA and high BLyS protein sub-
groups. The proportion of SRI8 responders with beli-
mumab versus placebo was also significantly higher in
the high IFN-1 mRNA subgroup. In contrast to other
endpoints, the proportion of SRI8 responders was higher
in the BLyS mRNA low subgroup. Although the reasons
for a higher response in the BLyS mRNA low subgroup
are not clear, it should be noted that there were very few
SRI8 responders; therefore, the analysis is of limited util-
ity. Nonetheless, taken together, our data indicate that
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the greatest response to belimumab is seen in patients
with the high or medium BLyS mRNA expression, high
IFN-1 mRNA expression and high BLyS protein levels at
baseline. In contrast, proportions of patients treated with
placebo plus standard of care treatments achieving an
SRI4 response were similar in the low versus high BLyS
mRNA (41.9% versus 38.2%) and IFN-1 mRNA level
subgroups (41.9% versus 39.0%), and higher in the low
versus high BLyS protein level subgroups (45.1% versus
21.9%). However, it is still important to note that pa-
tients from the low BLyS mRNA/protein and low I[FN-1
mRNA level subgroups treated with belimumab still
responded proportionally better than those treated with
placebo, with between-treatment differences of 10.4%,
5.6% and 3.8%, respectively.

One key element of our study was exploration of the
relationship between BLyS, IFN-1 and responses to beli-
mumab in the SLE population. As may be expected,
given the association between BLyS and IFN-1 [20, 21],
baseline levels of BLyS mRNA and IFN-1 mRNA expres-
sion levels correlated well with each another. Addition-
ally, BLyS mRNA and protein levels were moderately
correlated. Of interest, although significantly greater re-
sponses to belimumab were shown with high BLyS
mRNA, high IFN-1 mRNA and high BLyS protein, the
response to belimumab versus placebo appeared to be
greater in the high BLyS protein subgroup than in the
high BLyS mRNA subgroup. This effect was seen in the
SRI4 responder endpoint, time to first severe flare and
the alternative SRI4 response category. These data may
suggest that BLyS protein is a better predictor of clinical
response than BLyS mRNA, consistent with the mode of
action of belimumab, which directly targets the BLyS
protein and inhibits its biological activity. Future studies
to ascertain whether BLyS protein and IFN-1 mRNA
levels are correlated would be of interest.

Conclusions

The results from this post hoc meta-analysis suggest a
tendency towards a better response to IV belimumab
(10 mg/kg) as add-on therapy versus SoC alone in pa-
tients with high baseline BLyS protein and IFN-1 mRNA
levels and medium/high BLyS mRNA levels. Additional
studies into how these biomarkers correlate with each
other and relate to treatment responses will be useful to
inform future treatment decisions.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/513075-020-02177-0.

Additional file 1: Supplementary Figure S1. Distribution of
biomarkers.

Page 10 of 11

Additional file 2: Supplementary Figure S2. Correlation between
BLyS protein and mRNA levels.

Additional file 3: Table S1. Correlation between BLyS mRNA and IFN-1
mMRNA levels at baseline.

Additional file 4: Table S2. Cross tabulation of BLyS mRNA subgroups
(tertiles) and IFN-1 mRNA subgroups.

Additional file 5: Table S3. Cross tabulation of revised BLyS mRNA
subgroups (high/low) and IFN-1 mRNA subgroups (high/low).

Additional file 6: Table S4. Correlation between BLyS protein levels
and BLyS mRNA levels.

Additional file 7: Table S5. Time to first severe SFI flare over 52 weeks.

Additional file 8: Table S6. Alternative response category responders
at Week 52.

Additional file 9: Table S7. SRI-8 response at Week 52.

Abbreviations

BEL: Belimumab; BILAG: British Isles Lupus Assessment Group of SLE Clinics;
BLyS: B lymphocyte stimulator; Cl: Confidence interval; CT: Cycle threshold;
HR: Hazard ratio; IFN: Interferon; IFN-1: Type 1 IFN-inducible gene signature;
IV: Intravenous; mRNA: Messenger ribonucleic acid; OR: Odds ratio;

PBO: Placebo; PGA: PHYSICIAN Global Assessment; SD: Standard deviation;
SELENA-SLEDAL: Safety of Estrogen in Lupus Erythematosus National
Assessment-Systemic Lupus Erythematosus Disease Activity Index;

SFI: SELENA-SLEDAI Flare Index; SLE: Systemic lupus erythematosus;

SoC: Standard of care; SRI: Systemic Lupus Erythematosus Responder Index

Acknowledgements
Medical writing support was provided by Jennie McLean, PhD, of Fishawack
Indicia Ltd., UK, and was funded by GSK.

Authors’ contributions

All authors (ARJL, RBH, RAL, CW, DLB, DR, BJ and SMF) all contributed to the
study design and conception, acquisition of data, data analysis and
interpretation. All authors approved the manuscript for submission.

Funding

This study (208651) was funded by GSK. The study sponsor (GSK) contributed
to the design, collection, analysis and interpretation of the data and the
decision to submit the paper for publication and supported the authors in
development of the manuscript. Al authors, including those employed by
GSK, approved the content of the submitted manuscript. Medical writing
support was also funded by GSK.

Availability of data and materials
Anonymised individual participant data and study documents can be
requested for further research from www.clinicalstudydatarequest.com.

Ethics approval and consent to participate

BLISS-52 and BLISS-76 were conducted according to the principles of the
Declaration of Helsinki, and each site was required to obtain ethics commit-
tee/institutional review board approval. Written informed consent was ob-
tained from each patient prior to study screening.

Consent for publication
Not applicable.

Competing interests

ARJL, RBH, SMF, ML, RAL, BJ, DR and DLB are employees of GlaxoSmithKline
(GSK) and hold stocks and shares in the company. CW is a contractor to GSK
via SRG.

Author details
'GSK, Stevenage, Herts, UK. 2GSK, Upper Providence, PA, USA. >GSK, Uxbridge,
Middlesex, UK. “GSK, Philadelphia, PA, USA.



https://doi.org/10.1186/s13075-020-02177-0
https://doi.org/10.1186/s13075-020-02177-0
http://www.clinicalstudydatarequest.com

Wilkinson et al. Arthritis Research & Therapy

(2020) 22:102

Received: 22 October 2019 Accepted: 31 March 2020
Published online: 04 May 2020

References

1.

20.

American College of Rheumatology Ad Hoc Committee. American College
of Rheumatology Ad Hoc Committee on Systemic Lupus Erythematosus
Guidelines. Guidelines for referral and management of systemic lupus
erythematosus in adults. Arthritis Rheum. 1999;42:1785-96.

Bernatsky S, Boivin JF, Joseph L, Manzi S, Ginzler E, Gladman DD, et al.
Mortality in systemic lupus erythematosus. Arthritis Rheum. 2006;54:2550-7.
D'Cruz DP, Khamashta MA, Hughes GR. Systemic lupus erythematosus.
Lancet. 2007;369:587-96.

Fanouriakis A, Kostopoulou M, Alunno A, Aringer M, Bajema |, Boletis JN,
et al. 2019 update of the EULAR recommendations for the management of
systemic lupus erythematosus. Ann Rheum Dis. 2019;78:736-45.

Cheema GS, Roschke V, Hilbert DM, Stohl W. Elevated serum B lymphocyte
stimulator levels in patients with systemic immune-based rheumatic
diseases. Arthritis Rheum. 2001;44:1313-9.

Petri M, Stohl W, Chatham W, McCune WJ, Chevrier M, Ryel J, et al.
Association of plasma B lymphocyte stimulator levels and disease activity in
systemic lupus erythematosus. Arthritis Rheum. 2008;58:2453-9.

Zhang J, Roschke V, Baker KP, Wang Z, Alarcon GS, Fessler BJ, et al. Cutting
edge: a role for B lymphocyte stimulator in systemic lupus erythematosus.
J Immunol. 2001;166:6-10.

Do RK, Hatada E, Lee H, Tourigny MR, Hilbert D, Chen-Kiang S. Attenuation
of apoptosis underlies B lymphocyte stimulator enhancement of humoral
immune response. J Exp Med. 2000;192:953-64.

Moore PA, Belvedere O, Orr A, Pieri K, LaFleur DW, Feng P, et al. BLyS:
member of the tumor necrosis factor family and B lymphocyte stimulator.
Science. 1999;285:260-3.

Harless SM, Lentz VM, Sah AP, Hsu BL, Clise-Dwyer K, Hilbert DM, et al.
Competition for BLyS-mediated signaling through Bcmd/BR3 regulates
peripheral B lymphocyte numbers. Curr Biol. 2001;11:1986-9.

Avery DT, Kalled SL, Ellyard JI, Ambrose C, Bixler SA, Thien M, et al. BAFF
selectively enhances the survival of plasmablasts generated from human
memory B cells. J Clin Invest. 2003;112:286-97.

Bosello S, Youinou P, Daridon C, Tolusso B, Bendaoud B, Pietrapertosa D,
et al. Concentrations of BAFF correlate with autoantibody levels, clinical
disease activity, and response to treatment in early rheumatoid arthritis.

J Rheumatol. 2008;35:1256-64.

Baker KP, Edwards BM, Main SH, Choi GH, Wager RE, Halpern WG, et al.
Generation and characterization of LymphoStat-B, a human monoclonal
antibody that antagonizes the bioactivities of B lymphocyte stimulator.
Arthritis Rheum. 2003;48:3253-65.

Halpern WG, Lappin P, Zanardi T, Cai W, Corcoran M, Zhong J, et al. Chronic
administration of belimumab, a BLyS antagonist, decreases tissue and
peripheral blood B-lymphocyte populations in cynomolgus monkeys:
pharmacokinetic, pharmacodynamic, and toxicologic effects. Toxicol Sci.
2006;91:586-99.

Furie R, Petri M, Zamani O, Cervera R, Wallace DJ, Tegzova D, et al. A phase
Ill, randomized, placebo-controlled study of belimumab, a monoclonal
antibody that inhibits B lymphocyte stimulator, in patients with systemic
lupus erythematosus. Arthritis Rheum. 2011;63:3918-30.

Navarra SV, Guzman RM, Gallacher AE, Hall S, Levy RA, Jimenez RE, et al.
Efficacy and safety of belimumab in patients with active systemic lupus
erythematosus: a randomised, placebo-controlled, phase 3 trial. Lancet.
2011,377:721-31.

Roth DA, Thompson A, Tang Y, Hammer AE, Molta CT, Gordon D. Elevated
BLyS levels in patients with systemic lupus erythematosus: associated
factors and responses to belimumab. Lupus. 2016,25:346-54.

Collins CE, Gavin AL, Migone TS, Hilbert DM, Nemazee D, Stohl W. B
lymphocyte stimulator (BLyS) isoforms in systemic lupus erythematosus:
disease activity correlates better with blood leukocyte BLyS mRNA levels
than with plasma BLyS protein levels. Arthritis Res Ther. 2006;8:R6.

Zollars E, Bienkowska J, Czerkowicz J, Allaire N, Ranger AM, Magder L, et al.
BAFF (B cell activating factor) transcript level in peripheral blood of patients
with SLE is associated with same-day disease activity as well as global
activity over the next year. Lupus Sci Med. 2015;2:¢000063.

Sjostrand M, Johansson A, Agrawi L, Olsson T, Wahren-Herlenius M, Espinosa
A. The expression of BAFF is controlled by IRF transcription factors. J
Immunol. 2016;196:91-6.

21,

22.

Page 11 of 11

Furie R, Khamashta M, Merrill JT, Werth VP, Kalunian K, Brohawn P, et al.
Anifrolumab, an anti-interferon-alpha receptor monoclonal antibody, in
moderate-to-severe systemic lupus erythematosus. Arthritis Rheumatol.
2017,69:376-86.

Stohl W, Metyas S, Tan SM, Cheema GS, Oamar B, Xu D, et al. B lymphocyte
stimulator overexpression in patients with systemic lupus erythematosus:
longitudinal observations. Arthritis Rheum. 2003;48:3475-86.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Post hoc analysis design
	Participants
	Samples
	Endpoints
	Analyses and statistics

	Results
	Baseline demographics and characteristics
	BLyS and IFN-1 correlations
	SRI4 response to belimumab at week 52 of treatment
	Time to first severe SFI flare over 52&thinsp;weeks
	Alternative SRI4 response category responders at week 52
	SRI8 responders at week 52

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

