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ABSTRACT 
Objective. B cells play an important 
role in the initiation and progression of 
systemic lupus erythematosus (SLE). Ac-
cordingly, B cell-targeted therapy has 
been suggested as a new rational ap-
proach for treating lupus. Belimumab, 
a human monoclonal antibody directed 
against B lymphocyte stimulator (BLyS), 
was reported as the first biological 
treatment effective in reducing mild-to-
moderate SLE disease activity by using 
different scoring systems and endpoints. 
Conversely clinical trials with rituxi-
mab, a chimeric monoclonal antibody 
directed against the CD20 expressed by 
B cells, have failed to achieve primary 
endpoints in spite of a number of reports 
showing its beneficial effects. Anecdotal 
reports have described the sequential 
use of rituximab and belimumab as a 
more effective treatment than using the 
individual drugs alone, without compro-
mising safety. 
Methods. We report a case series of 
three patients with active SLE refractory 
to conventional therapies, who under-
went treatment with rituximab followed 
by belimumab as maintenance therapy.
Results. We observed a beneficial ef-
fect after sequential treatment with 
rituximab and belimumab. All patients 
achieved long-standing remission and 
could reduce or discontinue corticos-
teroids. Concomitantly, after rituximab 
administration we observed a rise in 
BLyS levels, which were dramatically 
reduced after belimumab introduction.
Conclusion. The modulation of plasma 
BLyS kinetics in patients undergoing 
sequential treatment with rituximab 
and belimumab may represent a pos-
sible rationale behind the effectiveness 
of this combined therapy.

Introduction
B cells play an important pathogenic 
role in the induction and progression 
of systemic lupus erythematous (SLE). 
Due to their ability to escape the selec-
tion mechanisms that normally lead to 
the deletion of autoreactive clones, B 
cells from SLE patients not only produce 
autoantibodies, but also exert their path-
ogenic action by presenting autoantigens 
to T cells and secreting a variety of pro-
inflammatory cytokines that perpetuate 

the activation of the immune system (1). 
For this reason, the interest of research-
ers has been drawn to drugs that are ef-
fective in modulating the B cell compart-
ment such as rituximab and belimumab. 
Rituximab is an anti-CD20 chimeric 
monoclonal antibody able to deplete 
CD20 positive B cells. Although it has 
been shown to have beneficial effects on 
SLE in a number of observational and 
retrospective studies, it failed to reach 
primary endpoints in two clinical trials 
(EXPLORER and LUNAR) (2, 3). The 
negative outcome of these clinical tri-
als may depend on a wrong trial design, 
but the observation that treatment with 
rituximab triggers a surge in B lympho-
cyte stimulator (BLyS), could explain 
the exacerbation of the disease and 
subsequent failure of the studies (4, 5). 
BLyS, also called B cell-activating fac-
tor (BAFF), is actually fundamental in 
promoting B cell survival, differentia-
tion and activity, via its interactions with 
BLyS receptor 3 (BR3), transmembrane 
activator and calcium modulator and cy-
clophilin ligand interactor (TACI), and 
B cell maturation antigen (BCMA), all 
expressed on B cells (6). Belimumab, a 
fully humanised IgG1 monoclonal anti-
body directed against BLyS, is the first 
biological treatment specifically de-
signed for patients with SLE and, unlike 
rituximab, it has been shown to have 
beneficial effects in two randomised tri-
als (BLISS-52 and BLISS-76) involv-
ing autoantibody-positive SLE patients 
with persistent disease activity despite 
standard treatment (7, 8). Belimumab 
inhibits B cells by blocking BLyS thus 
reducing disease activity (6).
On the basis of evidence coming from 
animal models (9) and anecdotal cases 
(10-13), it has recently been suggested 
that the combined use of the two B cell-
targeted drugs (rituximab as induction 
and belimumab as maintenance therapy) 
may be more effective than using the in-
dividual drugs alone. We describe three 
patients with active SLE who achieved 
disease control after sequential treat-
ment with rituximab and belimumab 
and we discuss the rationale behind.

Case report 1
This 48-year-old female patient was 
diagnosed as having SLE in 2007 on 
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the basis of arthritis and renal involve-
ment presenting as nephrotic syndrome 
(maximum proteinuria 9.4 g/24h), 
ANA, anti-SSA positivity and high an-
ti-dsDNA levels, hypocomplementae-
mia and inconstant leukopenia. Remis-
sion was achieved after steroid pulses 
(methylprednisolone  1 g for three con-
secutive days) and oral/intravenous cy-
clophosphamide (4 g in total). As main-
tenance therapy, she was started on hy-
droxychloroquine (HCQ) 400 mg daily 
and mycofenolate mofetil (MMF) 2 g 
daily, with oral prednisone being gradu-
ally tapered to 10 mg daily. She experi-
enced remission from 2007 to 2010. In 
2010, a mild disease flare was treated 
by increasing the prednisone dose to 
25 mg daily, which led to remission. In 
2012, a renal biopsy was performed be-
cause of a severe disease relapse with 
mild leukopenia, hypocomplementae-
mia, an increase in anti-dsDNA titre, 
persistent proteinuria (1.4 g/24h) and 
no urinalysis abnormalities (SLEDAI-
2K=13; Fig. 1A and 2A). The renal bi-
opsy showed diffuse proliferative glo-
merulonephritis (class IVa according 
to the WHO classification) and so she 
was treated with steroid pulses (methyl-
prednisolone 1 g for three consecutive 
days) and two intravenous infusions of 
rituximab 1 g 14 days apart. MMF ther-
apy was discontinued due to intoler-
ance. Remission (SLEDAI-2K=4) was 
achieved after the first rituximab cycle, 
and persisted for more than a year, but 
she continued taking a medium dose 
of prednisone (10 mg). Rituximab was 
therefore discontinued and belimumab 
10 mg/kg was started after verifying 
that CD19+ lymphocyte levels were 
in the normal range. After six months, 
prednisone was tapered to 2.5 mg daily 
with no flares. At the 36-month-follow-
up the patient was still in remission and 
she had discontinued steroids while 
continuing HCQ 400 mg daily (Fig. 1a 
and 2A). 
During the course of rituximab treat-
ment, there was a striking reduction 
in anti-dsDNA antibody titres and an 
increase in C3 levels (Fig. 1a), which 
were maintained during belimumab 
treatment and allowed steroid taper-
ing and stopping (Fig. 2a). Belimumab 
treatment also led to the complete reso-

lution of proteinuria (Fig. 2a), which 
had started improving during rituximab 
treatment. BLyS levels display high 
values before and particularly after 
rituximab administration and a strong 
reduction after belimumab was started 
(Fig. 1a).

Case report 2
The second case is a 24-year-old fe-
male patient. At the beginning of 2011 
she experienced polyarthritis and she 

was found to be positive for ANA, 
anti-dsDNA, anti-SSA and anti-SSB. 
After few months, she developed sei-
zures. No abnormalities were found at 
central nervous system magnetic reso-
nance imaging. She was diagnosed as 
having SLE and treated with intrave-
nous methylprednisolone pulses (500 
mg) for three consecutive days. Then 
she was treated with an anti-epileptic 
drug, azathioprine 100 mg daily and a 
high dose of prednisone with incom-

Fig. 1. Overview of the clinical course of case 1 (panel A), case 2 (panel B) and case 3 (panel C). 
Rituximab (RTX) was administered as two infusions two weeks apart for a total of 1 g and belimumab 
(BEL) as three 2-weekly infusions followed by monthly infusions of 10 mg/kg. Time scale (months) is 
reported in the x axis and the time to disease amelioration is illustrated; anti-dsDNA titres, erythrocyte 
sedimentation rate (ESR), complement (C3 and C4) and BLyS levels are reported. BLyS levels were 
measured by a specific ELISA kit as previously reported (R&D, #DY124) (16, 19).
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plete disease control. Over the fol-
lowing two years, she experienced a 
number of flares involving joints, skin, 
central nervous system (seizures), as-
sociated with anti-dsDNA at high ti-
tre, hypocomplementaemia and non-
nephrotic proteinuria, which required 
intravenous pulse steroid treatment. 
She was treated with different dis-
ease-modifying anti-rheumatic drugs, 
which all turned out to be ineffective 

in controlling the disease: azathioprine, 
MMF, intravenous immunoglobu-
lins, dapsone, and finally chloroquine 
and cyclosporine. Kidney biopsy was 
performed during one of these flares, 
manifesting as severe cutaneous rash, 
persistent proteinuria and active uri-
nary sediment (severe red blood cell 
casts), with evidence of class IV and 
V glomerulonephritis with extracapil-
lary and necrotising components, ac-

cording to WHO classification. After 
an attempt with MMF (discontinued 
for diarrhoea), she was treated with 
oral cyclophosphamide 125 mg/day 
(cumulative dose 12 g) with a good 
response. In September 2014, a new 
flare occurred with fever, polyarthritis 
and anti-dsDNA positivity (SLEDAI-
2K=19; Fig. 1b). Methotrexate 10 mg 
weekly was reintroduced but soon dis-
continued because it was not tolerated 
by the patient. The following month, 
two intravenous infusions of rituximab 
1 g were administered 14 days apart 
with benefit. In February 2015, a new 
flare with polyarthritis occurred (SLE-
DAI-2K=12; Fig. 1b), rituximab was 
discontinued and belimumab 10 mg/kg 
monthly was started, after CD19+ cell 
levels reached the range of normality. 
This allowed a slow steroid tapering 
(starting from 40 mg of prednisone), 
maintaining cyclosporine and chloro-
quine in therapy. After 18 months of 
treatment, the patient finally achieved 
remission (SLEDAI-2K=0; Fig. 1b). 
Also in this case, we observed a dra-
matic reduction of anti-dsDNA anti-
body titre starting after rituximab ther-
apy and persisting during belimumab 
treatment (Fig. 1b), which also allowed 
a significant reduction of steroid dos-
age to 7.5 mg of daily prednisone (Fig. 
2b). BLyS levels were elevated before 
and even more after rituximab admin-
istration, but rapidly decreased after 
treatment with belimumab, showing a 
behaviour comparable to the case n.1 
(Fig. 2b).

Case report 3
The third patient is a 37-year-old 
woman with a diagnosis of SLE made 
in 2001 on the basis of thrombocyto-
penia, leukopenia with lymphopenia, 
pleurisy, arthritis, triple positivity for 
anti-phospholipid antibodies, hypoc-
omplementemia and low anti-dsDNA 
titre. She was initially treated with 
HCQ and a high dose of steroids, 
gradually tapered after reaching stable 
clinical remission. After eight years, a 
flare occurred with arthritis involving 
small joints of hands and feet, associ-
ated with non-haemolytic anaemia and 
leukopenia. Clinical remission was 
achieved thanks to parenteral metho-

Fig. 2. The equivalent daily prednisone dose, serum creatinine and 24h proteinuria (UP) levels during 
the follow-up of case 1 (panel A), case 2 (panel B) and case 3 (panel C) with respect to disease activity 
determined by SLEDAI-2K. Rituximab (RTX) was administered as two infusions two weeks apart for 
a total of 1 g and belimumab (BEL) as three 2-weekly infusions followed by monthly infusions of 10 
mg/kg. Time scale (months) is reported in the x axis and the time to disease amelioration is illustrated. 
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trexate up to 15 mg weekly, which was 
stopped shortly after, due to gastroin-
testinal intolerance. First azathioprine 
150 mg daily, then leflunomide 20 mg 
daily was added, leading to clinical re-
mission and tapering of steroids, which 
were eventually discontinued in No-
vember 2011. Four years later, an ar-
ticular flare occurred (SLEDAI-2K=8). 
After increasing azathioprine and ster-
oid dosage, with no effects, steroid 
pulses (125 mg for three consecutive 
days) were therefore administered. 
Rituximab was started at therapeutic 
dosage in association with 15 mg/day 
of oral prednisone, achieving clinical 
remission (SLEDAI-2K=4; Fig. 1c). 
After 6 months, rituximab was not re-
peated due to desire for pregnancy, but 
an arthritic flare occurred (SLEDAI-
2K=8), requiring the steroid dosage to 
be increased up to 25 mg prednisone 
daily. Therefore, belimumab was cho-
sen as maintenance therapy in combi-
nation with HCQ and azathioprine, af-
ter verifying that the CD19+ cells were 
in the normal range. Belimumab treat-
ment allowed the steroid dose to be re-
duced to 5 mg daily (SLEDAI-2K=0; 
Fig. 2c). Again, BLyS levels were high 
after rituximab and promptly reduced 
by starting belimumab infusions (Fig. 
1c).

Discussion
We here report our experience with the 
sequential use of rituximab and beli-
mumab in three patients with SLE.  
All our cases had clinically and sero-
logically active disease (SLEDAI >4) 
refractory to standard treatments and 
achieved clinical remission with low 
dose corticosteroids. Rituximab was in-
itially used because of the failure of any 
other therapy, in a time when belimum-
ab was only available in phase II trials 
in Italy. We assume that the clinical im-
provement of our patients could be due 
to a synergic effect of rituximab and 
belimumab on B cell hyperactivation 
characteristic of SLE (5, 6). Rituximab 
induces a profound B cell depletion, 
whereas belimumab has only modest 
effects on B cell depletion. The ration-
ale for the use of two consecutive B 
cell-targeted therapies lies in the obser-
vation that serum BLyS levels are sig-

nificantly higher and promote disease 
flares during B cell repopulation fol-
lowing rituximab therapy (5, 14). This 
may correlate with the incomplete dis-
ease control, associated with high risk 
of flares or requiring high steroid doses 
as observed in our patients. In line with 
our findings, Kraaij et al. demonstrated 
that belimumab was able to block the 
full repopulation of B cells after rituxi-
mab treatment in two patients with lu-
pus nephritis (10), an observation con-
firmed by Simonetta et al. (12). Similar 
observations have also been made in 
Sjögren’s syndrome, where B cell lym-
phoproliferation and overexpression of 
BAFF were controlled by a sequential 
regimen with belimumab followed by 
rituximab (13).
High BLyS levels after rituximab have 
been suggested to be associated with a 
paradoxical expansion of pathogenic 
B cells, thus possibly explaining the 
lack of efficacy of rituximab in clini-
cal trials (5). On the other hand, the 
increase of BLyS levels might be sim-
ply the consequence of the reduction of 
specific receptors expressed on B cells 
and able to engage it. However, fur-
ther studies are needed to address this 
specific issue. In physiological con-
ditions, autoreactive B cells become 
anergic and undergo apoptosis during 
their development, whereas in SLE, B 
cell selection is partially ineffective. 
This is due in part to increased BLyS 
levels, which are critical for the res-
cue and survival of autoreactive clones 
(1). Flares usually occur 2 months af-
ter treatment with rituximab, when 
B cell levels have risen to >0.01×109 
cells/l (15). In a subset of patients with 
high anti-dsDNA titre, flares may oc-
cur at a considerably lower number of 
B cells, probably because in these pa-
tients BLyS levels are particularly high 
during flares (14). Accordingly, we ob-
served higher BLyS levels after treat-
ment with rituximab and as expected, 
a reduction after belimumab treatment 
(Fig. 1, panels A-C). Although not re-
quired by current recommendations, 
we monitored CD19+ cells in order 
to rule out possible side effects due 
to B cell depleting therapy (by rituxi-
mab) and before starting a different B 
cell biologic drug (belimumab). The 

fact that BLyS was undetectable after 
belimumab may be the expression of 
a competitive binding of belimumab 
with the same epitope of the ELISA 
antibody used to detect BLyS serum 
levels (16). Another hypothesis could 
be that belimumab accelerates BLyS 
clearance, but there also is evidence 
that belimumab directly neutralises 
BLyS in an in vitro model (17). 
Furthermore, BLyS supports the sur-
vival of plasmablasts, whereas BLyS 
blockade inhibits the differentiation 
into plasmablasts of B cells from na-
ïve marginal zone. Human peripheral 
blood plasmablasts induce via IL-6 the 
activation of T follicular helper cells, 
which in turn stimulate differentiation 
of plasmablasts, thus perpetuating a 
positive feedback loop (18, 19).
Therefore, the administration of beli-
mumab following rituximab is effec-
tive in reducing BLyS levels and con-
sequently may prolong the beneficial 
effects of the CD20 positive B cell 
depletion. 
Currently, two open-label clinical trials 
of sequential therapy with rituximab 
followed by belimumab are ongoing, 
the CALIBRATE study (Rituximab 
and Belimumab for Lupus Nephri-
tis, https://clinicaltrials.gov/ct2/show/
NCT02260934, 2015) and the SYNBI-
oSe study (Synergetic B-Cell Immodu-
lation in SLE, https://clinicaltrials.gov/
ct2/show/NCT02284984, 2015). Final-
ly, a randomised double-blinded clini-
cal trial (BEAT-LUPUS) is currently 
recruiting in the UK.

Conclusions
Our observations were made in SLE 
patients refractory to rituximab and 
treated with belimumab based on their 
B cell-targeted mechanisms and on pre-
vious reports (10-12). We could not fol-
low a regular schedule since the cases 
were anecdotic, however, we noticed 
an effective synergistic effect of the se-
quential treatment in all the three cases 
suggesting that this might be a useful 
option in refractory patients. Further 
studies, and in particular the ongoing 
randomised double-blind clinical trials 
will offer the definite demonstration of 
the effectiveness of such a sequential 
therapy.
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