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Objective. To assess the safety, mechanism of action, and preliminary efficacy of rituximab followed by belimumab
in the treatment of refractory lupus nephritis (LN).
Methods. In a multicenter, randomized, open-label clinical trial, 43 patients with recurrent or refractory LN were treated
with rituximab, cyclophosphamide (CYC), and glucocorticoids followed by weekly belimumab infusions until week 48
(RCB group) or with rituximab and CYC but no belimumab infusions (RC group). Patients were followed up until week 96.
Percentages of total and autoreactive B cell subsets in the patients’ peripheral blood were analyzed by flow cytometry.
Results. Treatment with belimumab did not increase the incidence of adverse events in patients with refractory LN.
At week 48, a complete or partial renal response occurred in 11 (52%) of 21 patients receiving belimumab, compared to
9 (41%) of 22 patients in the RC group who did not receive belimumab (P = 0.452). Lack of improvement in or worsening
of LN was the major reason for treatment failure. B cell depletion occurred in both groups, but the percentage of B
cells remained lower in those receiving belimumab (geometric mean number of B cells at week 60, 53 cells/μl in the
RCB group versus 11 cells/μl in the RC group; P = 0.0012). Percentages of total and autoreactive transitional B cells
increased from baseline to week 48 in both groups. However, percentages of total and autoreactive naive B cells
decreased from baseline to week 48 in the belimumab group compared to the no belimumab RC group (P = 0.0349),
a finding that is consistent with impaired maturation of naive B cells and enhanced censoring of autoreactive B cells.
Conclusion. The addition of belimumab to a treatment regimen with rituximab and CYC was safe in patients with
refractory LN. This regimen diminished maturation of transitional to naive B cells during B cell reconstitution, and
enhanced the negative selection of autoreactive B cells. Clinical efficacy was not improved with rituximab and CYC in
combination with belimumab when compared to a therapeutic strategy of B cell depletion alone in patients with LN.
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INTRODUCTION
Lupus nephritis (LN) is the most common organ-threatening manifestation of systemic lupus erythematosus (SLE),
resulting in significant morbidity and mortality (1,2). Despite the
generation of data from multiple clinical trials, there are currently
no US Food and Drug Administration (FDA)–approved therapies
for LN. Current treatment for LN consists of an induction phase
followed by a maintenance phase. During induction, intensive
treatment with glucocorticoids in combination with an immunosuppressive agent, such as cyclophosphamide (CYC) or mycophenolate mofetil (MMF), is used to suppress renal inflammation
and induce immune quiescence (3). The aim of induction is to
achieve a complete renal response and minimize early damage, thereby preserving long-term kidney health. The goals of
the maintenance phase are to prevent renal flares while minimizing exposure to glucocorticoids and toxicity from immunosuppressive agents. Current treatment regimens have demonstrated
incomplete efficacy and have been associated with substantial
toxicity and low levels of adherence (4). Results of a recent study
suggested that the risk of end-stage kidney disease in patients
with class IV LN is ~30% (5).
Because of the evidence supporting a critical role of B
cells in the pathogenesis of SLE, some therapeutic strategies
have focused on targeting the B cell compartment. Rituximab
(anti-CD20) was the first biologic B cell–targeted therapy to
be studied in SLE and LN. Although the potential efficacy of
B cell depletion has been demonstrated in several observational open-label studies, 2 randomized, placebo-controlled
trials of rituximab in SLE, one of which was conducted in
patients with LN, did not meet their primary end points (6,7).
One possible explanation for this is that levels of BAFF rise
following B cell depletion (8). In murine studies, an elevated
BAFF level promotes maturation of autoreactive B cells,
thereby allowing them to enter a reconstituted B cell repertoire. B cell reconstitution in the absence of elevated BAFF
levels results in fewer autoreactive cells in the reconstituted
B cell repertoire (9). The monoclonal antibody belimumab targets soluble BAFF and might help prevent reemergence of
autoreactive B cells following B cell depletion. Belimumab is
approved by the FDA for the treatment of nonrenal manifestations of SLE.
We initiated a randomized trial of a B cell–targeted sequential combination regimen of rituximab and belimumab for refractory LN. The goals of this preliminary investigation were to assess
the safety of this regimen, examine its mechanism of action, and
generate preliminary efficacy data.
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PATIENTS AND METHODS
Study design and treatment protocol. The Combination of Antibodies in Lupus Nephritis: Belimumab and Rituximab
Assessment of Tolerance and Efficacy (CALIBRATE) trial was a
phase II multicenter, randomized, controlled, open-label trial of
CYC plus rituximab followed by belimumab in patients with active
LN who had previously been treated with CYC or MMF. Randomization, initiated at week 4, was distributed 1:1 using a permuted
block design, and due to the small planned sample size, no stratification factors were incorporated. For randomization, sites used
a secure interactive web response system developed and maintained at the Statistical and Clinical Coordinating Center (Rho, Durham, NC). The trial was conducted at 14 clinical sites in the United
States. Enrollment opened in November 2014 and concluded in
April 2017 and was conducted in compliance with the Declaration
of Helsinki. Institutional review boards at all sites approved the
study design; all participants provided written informed consent.
In the treatment phase, all participants received methylprednisolone at a dose of 100 mg, rituximab at a dose of 1,000 mg,
and CYC at a dose of 750 mg intravenously (IV) at weeks 0 and
2, based on the regimen described by Ng and colleagues (10).
Prednisone at a dosage of 40 mg/day was initiated, with a prescribed taper to 10 mg/day by week 12, followed by ≤10 mg/day
through week 96.
At week 4, trial participants were randomized to receive rituximab
and CYC followed by weekly belimumab infusions (RCB group), or to
receive rituximab and CYC but no belimumab infusions (RC group).
Patients in the RCB group received belimumab IV at a dose of 10 mg/
kg at weeks 4, 6, and 8 and every 4 weeks thereafter through week
48, whereas patients in the RC group received no additional treatment
and also did not receive a placebo infusion. Treatment with hydroxychloroquine was allowed throughout the study.
Immunosuppressive medications, including additional doses
of rituximab, were not permitted unless the participant met a
criterion for study regimen discontinuation, which included the
following: <25% improvement in the urine protein-to-creatinine
ratio (UPCR) on a 24-hour urine sample collection at week 24,
occurrence of a renal flare, emergence of selected adverse events,
or an investigator’s decision to discontinue treatment. Participants
who were discontinued from the study regimen received stan
dard of care therapy, as determined by their physician, and were
followed up for treatment safety through week 96.
Study participants. Eligible participants were age ≥18
years, had a diagnosis that fulfilled the American College of Rheumatology or Systemic Lupus International Collaborating Clinics
criteria for SLE (11,12), and were required to have serum positivity
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for antinuclear antibodies (ANAs) and/or anti–double-stranded
DNA (anti-dsDNA) antibodies at the time of screening. All participants had recurrent or refractory LN and had been treated previously with either CYC or MMF. Key exclusion criteria included prior
treatment with rituximab at any time or treatment with another B
cell biologic therapy within the prior 12 months. All participants
had a UPCR of >1 based on a 24-hour urine sample collection
and had undergone a kidney biopsy within the 18 months prior
to documentation of International Society of Nephrology/Renal
Pathology Society class III or class IV LN or class III/IV in combination with class V LN. If the kidney biopsy was conducted
>3 months prior to screening, a laboratory finding of active urinary sediment, a UPCR of >3, or an increasing UPCR over the
3 months prior to screening was required.
Study end points and assessments. The primary end
point of the study was safety of the study treatment, reported as
the proportion of participants who had at least 1 infectious adverse
event of grade 3 or higher at or prior to week 48. Grading of the
severity of adverse events was carried out using the National
Cancer Institute Common Terminology Criteria for Adverse Events
(CTCAE), version 4.03 (grade scale 0–5). Secondary end points
were 1) the proportion of participants with evidence of B cell
reconstitution, defined according to the baseline B cell count or
a B cell count in the lower limit of normal, whichever value was
lower; and 2) the proportion of participants with grade 4 hypogammaglobulinemia, defined as an IgG level of <300 mg/dl associated with an infectious adverse event of CTCAE grade 3 or higher.
Efficacy end points, which were prospectively defined,
included the proportion of participants who achieved a complete
response or overall (complete plus partial) response at weeks
24, 48, and 96. Complete response was defined as the presence of all of the following criteria: 1) a UPCR of <0.5 based on
a 24-hour urine sample collection; 2) an estimated glomerular
filtration rate (eGFR) of ≥120 ml/minute/1.73 m2, or if the value
was <120 ml/minute/1.73 m2, then >80% of the eGFR recorded
at the time of study entry; and 3) adherence to the prednisone
dosing provisions. Partial response was defined as the presence
of the same criteria as used for the complete response, except
that the UPCR component of the partial response definition
required only >50% improvement from baseline. Nonresponders
were those who did not meet the renal response criteria.
In addition, other measures of disease activity were assessed,
including anti-dsDNA antibody levels, presence of hypocomplementemia, and frequency of nonrenal flares. For identification of
nonrenal flares, the British Isles Lupus Assessment Group criteria
(13) were used.
Mechanistic assessments. In evaluating the mechanisms
of action of the treatment regimen, mechanistic outcomes were
assessed as the percentages of ANA+ B cells and B cell subsets, as determined by flow cytometry in the patients’ peripheral
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blood. Peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation 1 day following collection
of heparinized blood samples. The cells were cryopreserved by
controlled-rate freezing, and stored in liquid nitrogen until used.
Vials of 5–10 × 106 frozen PBMCs were thawed in warmed RPMI
1640 medium (Gibco) with 15% fetal bovine serum (FBS), and
then washed and resuspended in cold Hanks’ balanced salt
solution (HBSS) with 5% FBS. Cells were incubated on ice for
30 minutes in HBSS with 1.5% nonfat dry milk (LabScientific) with
biotinylated nuclear extract, as described previously (14).
After washing, cells were incubated with a cocktail of
BV421-conjugated streptavidin (BioLegend), eFluor 506–labeled
fixable viability dye (ThermoFisher), and the following anti-human
antibodies in HBSS with 2% FBS: BV785-conjugated IgD (IA6-2),
allophycocyanin (APC)–Fire 750–conjugated CD3 (UCHT1), APC–
Fire 750–conjugated CD14 (M5E2), APC–Fire 750–conjugated
CD16 (3G8), PerCP–Cy5.5–conjugated IgM (MHM-88), phycoerythrin (PE)–Cy7–conjugated CD10 (HI10a), and APC-conjugated
CD19 (HIB19) (all from BioLegend); PE-conjugated CD27 (CLB27/1) and PE–eFluor 610–conjugated CD38 (HIT2) (both from
ThermoFisher); and fluorescein isothiocyanate–conjugated IgG
(G18-145) (from BD Biosciences). Events were acquired using
a Fortessa flow cytometer (BD Biosciences) and analyzed using
FlowJo software (Tree Star) (for the gating strategies, see Supplementary Figure 1, available on the Arthritis & Rheumatology
website at http://onlinelibrary.wiley.com/doi/10.1002/art.41466/
abstract). Transitional (CD19+CD27−IgD+CD38highCD10high), naive
(CD19+CD27−IgD+CD38intermediateCD10intermediate/lowIgMintermediate/high),
anergic (CD19+CD27−IgD+CD38intermediateCD10intermediate/lowIgMlow),
switched memory (CD19+CD27+IgD−), IgD+ memory (CD19+
CD27+IgD+), and double-negative (CD19+CD27−IgD−) B cells
were assessed.
Mechanistic studies were restricted to blood samples from
participants in the week 24 and/or week 48 per-protocol (PP)
populations, as defined below. Global B cell subpopulations and
ANA+ B cells with <50 events at all of the time points evaluated
were excluded from the analyses. Consequently, the distribution of
data from each analysis varied. Numbers of samples assessed in
the between–treatment group comparisons are specified in Supplementary Tables 1–6 (available on the Arthritis & Rheumatology
website at http://onlinelibrary.wiley.com/doi/10.1002/art.41466/
abstract).
Statistical analysis. Statistical analyses were performed
in the modified intent-to-treat (MITT) population, defined as all
randomized participants who received 1 dose each of methylprednisolone, rituximab, and CYC, and 1 dose of belimumab if
in the RCB group. Analyses were also performed in the PP population, defined as participants from the MITT population who
received the study regimen through week 24, week 48, or week
96. Treatment group comparisons for the proportion of MITT
participants who experienced at least 1 infectious adverse event
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of CTCAE grade 3 or higher by week 48 were performed using
Clopper-Pearson 95% confidence intervals (95% CIs) and a logistic regression model with an indicator of whether the participant
experienced at least 1 infectious adverse event of CTCAE grade
3 or higher as the dependent variable and treatment group as the
independent variable.
The sample size was selected by evaluating the width of a
CI surrounding the point estimate of the safety primary end point
(proportion of participants meeting the primary end point), and
was not powered for between-group comparisons. Data from
the Immune Tolerance Network ACCESS study (Abatacept and
Cyclophosphamide Combination Efficacy and Safety Study) and
a review of the literature (7,15–19) suggested that this proportion
could range from 0.05 to 0.35. With 20 participants per group
and an observed proportion of patients meeting the safety primary
end point of 0.15, the Clopper-Pearson 95% CI would range from
0.032 to 0.379.
Treatment group comparisons for the proportion of participants meeting secondary end points were performed using Clopper-Pearson 95% CIs and a logistic regression model, similar to
the methods for the primary end point analysis. Fisher’s exact
test was used when 1 treatment group had 0 events. Treatment
group comparisons for the level of B cells, B cell subpopulations,
or ANA+ B cell subpopulations at a given visit were performed
using repeated-measures analysis of variance on log values with
baseline adjustment. Tukey-Kramer post hoc tests were done to
adjust for multiple comparisons. Treatment group comparisons
for directional change from week 0 at week 48 in the percentage
of ANA+ transitional and ANA+ naive B cell subpopulations were
performed using Fisher’s exact tests. P values less than 0.05 were
considered significant. All analyses were performed using SAS
version 9.4.
Data availability statement. Data sets for these analyses are accessible through TrialShare, a public website managed
by the Immune Tolerance Network (https://www.itntrialshare.org/
CALIBRATE.url). This website allows the user to filter the underlying data and generate figures and results from the analysis, in
addition to those submitted as part of the published reports.

RESULTS
Study population. Forty-three participants were enrolled in
the trial, and these patients comprised the MITT population used
for the safety and efficacy analyses. Twenty-one participants were
randomized to the RCB group, and 22 were randomized to the
RC group.
Table 1 shows the demographic and clinical characteristics
of the study population. The median baseline UPCR in a 24-hour
urine sample collection was 3.1 (minimum 1.08, maximum 10.76).
A greater number of participants in the RC group compared to
those in the RCB group entered the study with a UPCR of >3;
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Table 1.
group*

Baseline characteristics of the patients in each treatment

Demographic
Age, mean ± SD years
Female sex
Race/ethnicity
White
Black
Asian
Other/unknown
Hispanic or Latino
Clinical
Time from renal biopsy to week 0,
mean ± SD months
ISN/RPS lupus nephritis
classification
Class III
Class IV
Class III with class V
Class IV with class V
UPCR†
Mean ± SD
Ratio >3
SCr, mean ± SD mg/dl
eGFR, mean ± SD, ml/minute/1.73 m2
Serum albumin, mean ± SD mg/dl
B cell count, median no. cells/µl
Hypogammaglobulinemia‡
Anti-dsDNA positive
Hypocomplementemia
C3
C4

RC group
(n = 22)

RCB group
(n = 21)

32.3 ± 11.43
18 (81.8)

34.5 ± 9.14
19 (90.5)

7 (31.8)
9 (40.9)
3 (13.6)
3 (13.6)
10 (45.5)

9 (42.9)
9 (42.9)
2 (9.5)
1 (4.8)
5 (23.8)

3.6 ± 4.57

2.9 ± 3.30

1 (4.5)
8 (36.4)
3 (13.6)
10 (45.5)

1 (4.8)
7 (33.3)
5 (23.8)
8 (38.1)

3.4 ± 1.5
14 (63.6)
1.02 ± 0.41
92.7 ± 36.0
2.96 ± 0.50
105.5
2 (9.1)
20 (90.9)

3.3 ± 2.5
8 (38.1)
1.04 ± 0.47
89.1 ± 33.9
2.89 ± 0.61
143.0
4 (19.0)
19 (90.5)

18 (81.8)
10 (45.5)

16 (76.2)
8 (38.1)

* Demographic and clinical characteristics were assessed among
participants treated with rituximab and cyclophosphamide but no
belimumab infusions (RC group) or with rituximab, cyclophosphamide,
and glucocorticoids followed by weekly belimumab infusions until
week 48 (RCB group) in the modified intent-to-treat population. Except
where indicated otherwise, values are the number (%) of subjects. ISN/
RPS = International Society of Nephrology/Renal Pathology Society;
SCr = serum creatinine; eGFR = estimated glomerular filtration rate;
anti-dsDNA = anti–double-stranded DNA.
† Urinary protein-to-creatinine ratio (UPCR) from 24-hour urine
sample collection.
‡ Defined as an IgG level of <450 mg/dl.

however, the mean UPCR, eGFR, and serum albumin levels were
similar between the groups. Eighty-four percent of the participants
had LN for more than 1 year. At study entry, 72% of participants
were taking hydroxychloroquine and 72% of participants were
taking either an angiotensin-converting enzyme or an angiotensin
receptor blocker; 54% were taking both. The distribution of the
study subjects from initial assessment through week 96 is shown
in Figure 1.
Safety and adverse events. The primary end point was
treatment safety, defined as the proportion of participants with at
least 1 infectious adverse event of CTCAE grade 3 or higher at or
prior to week 48. In the MITT population, the proportion of participants with at least 1 infectious adverse event of CTCAE grade
3 or higher at or prior to week 48 was 5 (23%) of 22 patients in
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Figure 1. Flow diagram according to the Consolidated Standards of Reporting Trials (CONSORT) statement, showing the distribution of
patients with recurrent or refractory lupus nephritis (LN) at each stage of the study from the time of informed consent to week 96. Reasons
for exclusion of patients at each stage are provided. Samples from the per-protocol population were evaluated at weeks 24, 48, and 96.
RC = treatment with rituximab and cyclophosphamide but no belimumab infusions; RCB = treatment with rituximab, cyclophosphamide, and
glucocorticoids followed by weekly belimumab infusions until week 48; SLE = systemic lupus erythematosus.

the RC group and 2 (9.5%) of 21 patients in the RCB group. The
difference was not statistically significant (Table 2).
The infectious adverse events in the RC group included
pneumonia (n = 3, of whom 1 had respiratory syncytial virus
[RSV] pneumonia), urinary tract infection (n = 1), cystitis (n = 1),
cellulitis (n = 1), and sepsis (n = 1). The cellulitis, RSV pneumonia, and sepsis occurred in the same participant. The infectious adverse events in the RCB group included soft tissue

abscess (n = 1), cellulitis (n = 1), and urinary tract infection
(n = 1). The soft tissue abscess and cellulitis occurred in
the same participant. All infectious adverse events resolved.
Table 2 summarizes the infectious adverse events of grade
3 or higher, adverse events of grade 2 or higher, and serious
adverse events that occurred in the MITT population of participants while they were receiving study treatment and during
the full study follow-up. All participants experienced at least
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Table 2.
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Summary of TEAEs*
RC group (n = 22)

Primary safety end point, infectious TEAEs grade 3 or higher
Secondary safety end points
Infectious TEAEs
Grade 3 or higher
Grade 3 or higher on protocol therapy†
TEAEs
Grade 2 or higher
Grade 2 or higher on protocol therapy†
Serious TEAEs
Serious TEAEs on protocol therapy†

RCB group (n = 21)

Participants

Events

Participants

Events

5 (23) (7.82–45.37)

7

2 (10) (1.17–30.38)

3

6 (27) (10.73–50.22)
4 (18) (5.19–40.28)

10
5

2 (10) (1.17–30.38)
2 (10) (1.17–30.38)

5
2

22 (100) (0.00–15.44)
22 (100) (0.00–15.44)
11 (50) (28.22–71.78)
6 (27) (10.73–50.22)

287
218
40
10

21 (100) (0.00–16.11)
21 (100) (0.00–16.11)
4 (19) (5.45–41.91)
4 (19) (5.45–41.91)

202
172
7
4

* Values are the number (%) of participants (95% confidence interval) with the specified treatment-emergent adverse event (TEAE)
and the number of TEAEs occurring among participants in the modified intent-to-treat population. RC = treatment with rituximab and
cyclophosphamide but no belimumab infusions; RCB = treatment with rituximab, cyclophosphamide, and glucocorticoids followed
by weekly belimumab infusions until week 48.
† On protocol therapy includes all TEAEs reported through 30 days after the participants had discontinued protocol-specified
treatment. The confidence interval bounds were calculated using the Clopper-Pearson (exact) method for binomial proportions.

1 adverse event. There were no deaths and no opportunistic
infections.
Efficacy results. Fourteen participants in the PP analysis
population completed the study through week 96, while 29 participants were excluded due to having left the study or having met
a criterion for study regimen discontinuation. Table 3 shows the
number of participants in the PP population who had a renal
response to treatment that was designated as either a complete
response, partial response, or nonresponse at weeks 24, 48,
and 96. Table 3 also shows the number of participants who did
not meet the requirements for inclusion in the PP population due
to LN treatment failures and other reasons.
The numbers of participants in the PP population exhibiting
an overall renal response (defined as a complete response plus
partial response) were similar between the RC group and the RCB
Table 3.

group at all time points. The highest frequency of PP participants
with an overall renal response occurred at week 48, in which 9
(41%) of 22 patients in the RC group and 11 (52%) of 21 patients
in the RCB group had an overall renal response (P = 0.452).
Treatment failure in most participants was attributable to lack
of improvement in or worsening of LN (Figure 1). By week 48, 10
of 22 subjects in the RC group and 5 of 21 in the RCB group had
been removed from the PP analysis due to a renal flare, worsening
nephritis, or failure to show improvement in LN (Figure 1). Fewer
participants in the RCB group than in the RC group exhibited C3
hypocomplementemia at week 96 in the MITT analysis population (61% versus 28%; P = 0.049). There were no differences in
other prespecified clinical efficacy end points in the MITT analysis
population (see Supplementary Table 1 [http://onlinelibrary.wiley.
com/doi/10.1002/art.41466/abstract]), and there were no differences between the groups in the PP analysis population (data

Renal response among participants at major study time points*

Week 24
RC group (n = 22)
RCB group (n = 21)
Week 48
RC group (n = 22)
RCB group (n = 21)
Week 96
RC group (n = 21)†
RCB group (n = 21)

Complete
response

Partial
response

Nonresponse

Withdrawal

5 (23)
5 (24)

4 (18)
5 (24)

8 (36)
8 (38)

5 (23)
3 (14)

7 (32)
8 (38)

2 (9)
3 (14)

0
3 (14)

13 (59)
7 (33)

4 (19)
5 (24)

2 (10)
1 (5)

0
1 (5)

15 (71)
14 (67)

* Participants in the complete response, partial response, and nonresponse categories
were included in the per-protocol (PP) population for the time point. Participants
in the withdrawal category did not meet the requirements for inclusion in the PP
population, but are included in the modified intent-to-treat (MITT) population. Values
are the number (%) of participants according to each renal response category analyzed
in the MITT population. RC = treatment with rituximab and cyclophosphamide but
no belimumab infusions; RCB = treatment with rituximab, cyclophosphamide, and
glucocorticoids followed by weekly belimumab infusions until week 48.
† One participant in the RC treatment group completed the study treatment regimen
per protocol but did not complete the renal response assessments at week 96, and
therefore was unevaluable.
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not shown). Nonrenal flares were infrequent, and there were no
between-group differences in the frequency of nonrenal flares
(Supplementary Table 1).
Although the parameters of renal disease (mean eGFR and
UPCR) were comparable between the treatment groups at baseline (Table 1), there were some notable differences. Fourteen participants in the RC group entered the study with nephrotic levels
of proteinuria (UPCR >3), compared to 8 participants in the RCB
group. Among this subset, the response rate (complete response
plus partial response) at week 48 was 43% (6 of 14) in the RC
group and 88% (7 of 8) in the RCB group, suggesting that belimumab may be exerting a beneficial effect among participants
with more severe LN. Furthermore, 3 participants in the RC group
(14%) subsequently required dialysis and progressed to endstage renal disease (ESRD) within 2 years of study entry, as compared to 1 (5%) in the RCB group. This single participant in the
RCB group who progressed to ESRD had a rapidly deteriorating
condition at study entry, and was withdrawn at week 8 due to
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rising serum creatinine levels and proteinuria. The 3 participants in
the RC group who progressed to ESRD were removed from the
PP analysis at week 27 (2 participants) or week 44 (1 participant).
They progressed to ESRD by week 64.
Peripheral B cell reconstitution and B cell subset
redistribution. B cell depletion was achieved in the PP analysis
population of participants in both treatment groups by week 12
(geometric mean number of B cells, 3 cells/μl [95% CI 1–10] in
the RC group versus 2 cells/μl [95% CI 1–3] in the RCB group)
(Figure 2A, and Supplementary Table 2 [http://onlinelibrary.wiley.
com/doi/10.1002/art.41466/
abstract]). At later time points, B
cells counts were consistently lower in the RCB group. This difference remained significant at week 60, 12 weeks after belimumab
treatment was discontinued (geometric mean number of B cells,
53 cells/μl [95% CI 26–109] in the RC group versus 11 cells/μl
[95% CI 6–20] in the RCB group; P = 0.0012) (Figure 2A, and
Supplementary Table 2).

Figure 2. Total numbers of B cells within peripheral blood mononuclear cells (PBMCs) and relative frequencies of B cell subpopulations
following treatment with RC versus RCB in samples from the per-protocol population of patients with lupus nephritis. A, B cell counts before
treatment and at week 12 (left) and during reconstitution in the peripheral blood at weeks 24–60 (right) following RC or RCB treatment. Each
data point represents CD19+ B cell counts as determined by clinical laboratory testing in the peripheral blood from individual patients. * =
P < 0.05; ** = P < 0.01; *** = P < 0.001 by analysis of variance (ANOVA) on log values for comparisons at week 12, and by repeated-measures
ANOVA on log values (with baseline adjustment) for comparisons at weeks 24 through 60. Tukey-Kramer post hoc adjustment was applied for
multiple comparisons. B, Mean frequencies of each B cell subpopulation within total B cells from individual patients, including a per-protocol
sample analyzed at weeks 0 and 24 and per-protocol sample analyzed at weeks 48 and 60, in each treatment group at each time point, as
determined by flow cytometric analysis of cryopreserved PBMCs. B cell subpopulation data were analyzed for subpopulations with >50 cells
at each of the time points evaluated. * = P < 0.01 between treatment groups. For more details, see Supplementary Tables 2 and 3, available
on the Arthritis & Rheumatology website at http://onlinelibrary.wiley.com/doi/10.1002/art.41466/abstract. Double neg = CD27−IgD− doublenegative (see Figure 1 for other definitions).
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Consistent with this observation, the proportion of participants in the PP analysis who met the prespecified criteria for B cell
reconstitution at week 24 was 5 of 14 in the RC group and 0 of 14
in the RCB group (P = 0.041). By week 48, 2 of 8 participants in
the RC group and 0 of 12 in the RCB group met the prespecified
criteria for B cell reconstitution. In the week 24 PP sample of participants in the RC group, the mean number of B cells was higher
in nonresponders compared to those who exhibited either a complete response or partial response at week 24 (geometric mean
74.5 cells/µl versus 17.3 cells/µl).
The median IgG level was lower in the RCB group, but
well above the range defining hypogammaglobulinemia, with
a median IgG level at week 48 of 1,410.0 mg/dl in the RC
group compared to 904.5 mg/dl in the RCB group (P = 0.022).
No participant in the trial had grade 4 hypogammaglobulinemia, and only 1 participant (in the RC group) had an IgG
level of <300 mg/dl, which was not associated with infectious
complications.
As BAFF is known to be important for transitional to naive
B cell differentiation, we examined the distribution of B cell subsets before and after treatment with rituximab, with or without
belimumab. Before treatment, the distribution of B cell subsets
was similar between the groups (Figure 2B, and Supplementary
Table 3 [http://onlinelibrary.wiley.com/doi/10.1002/art.41466/
abstract]). In the RCB group, the percentage of naive B cells
was diminished relative to baseline and smaller than that in the
RC group, with concomitant increases in the percentage of transitional B cells and class-switched IgD− memory B cells. These
differences between the 2 groups were significant at weeks
24, 48, and 60 (each P < 0.01) (Figure 2B, and Supplementary
Table 3).
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Reconstitution and subset redistribution of auto
reactive ANA+ B cells. In order to investigate treatment effects
on autoreactivity, we examined the percentages of total ANA+ B
cells and their subset distributions, using a previously described
flow cytometry–based method that identifies B cells bearing a B cell
receptor that is capable of binding nuclear antigens (ANA+ B cells)
(14). Before treatment, the predominant subpopulation of ANA+
B cells was naive B cells (Figure 3A, and Supplementary Table 4
[http://onlinelibrary.wiley.com/doi/10.1002/art.41466/abstract]). At
week 48, the predominant subpopulation of ANA+ B cells in both
groups was transitional cells. However, the distribution of other
B cell subpopulations within ANA+ B cells differed between the
treatment groups, with a diminished percentage of ANA+ naive
B cells (P = 0.0176) and correspondingly greater percentages of
class-switched IgD− memory B cells (P = 0.0082) and CD27−IgD−
double-negative cells (P = 0.0026) in the RCB group compared to
the RC group (Figure 3A, and Supplementary Table 4).
At week 48, the percentage of ANA+ naive B cells was
increased from baseline in 5 of 7 RC participants and decreased
from baseline in 8 of 9 RCB participants (P = 0.0349), when
assessed in the peripheral blood of patients who could be
evaluated at both time points (Figure 3B, and Supplementary
Table 5 [http://onlinelibrary.wiley.com/doi/10.1002/art.41466/
abstract]). The relative percentages of ANA+ transitional cells
increased from baseline to week 48 in all participants evaluated in
either group (Figure 3B and Supplementary Table 5). These results
support the interpretation that treatment with belimumab delays
reconstitution of ANA+ naive B cells by inhibiting maturation of
ANA+ transitional B cells.
We also observed a higher percentage of ANA+ anergic cells
within peripheral blood B cells at week 48 among patients in the

Figure 3. Reconstitution of autoreactive antinuclear antibody–positive (ANA+) B cell subsets following treatment with RC versus RCB in the
per-protocol population at week 48. A, Mean frequencies of B cell subpopulations within total ANA+ B cells from each group before treatment
and at week 48. * = P < 0.05; ** = P < 0.01 between treatment groups at week 48. B, ANA+ transitional and ANA+ naive B cells as a percentage
of total B cells in the peripheral blood before treatment and at week 48. Each data point represents the relative frequency of ANA+ transitional B
cells (left) or ANA+ naive B cells (right) in an individual patient at each time point P value was determined by Fisher’s exact test. For more details,
see Supplementary Tables 4–6, available on the Arthritis & Rheumatology website at http://onlinelibrary.wiley.com/doi/10.1002/art.41466/
abstract. Double neg = CD27−IgD− double-negative (see Figure 1 for other definitions).
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RCB group, although this was not significantly different from that
in patients in the RC group (Supplementary Figure 2 and Supplementary Table 6, available on the Arthritis & Rheumatology website
at http://onlinelibrary.wiley.com/doi/10.1002/art.41466/abstract).

DISCUSSION
This study is the first randomized, controlled trial to examine the safety and efficacy of the combination of rituximab and
belimumab in patients with LN. The trial was not powered to fully
evaluate efficacy, but rather was designed primarily to evaluate
safety. Consistent with published guidelines, the CALIBRATE trial
was limited to patients with recurrent or refractory LN who had
previously received standard of care treatment with either MMF
or CYC (20,21).
Sequential therapy with belimumab was not associated with
an increased frequency of adverse events. However, there were no
significant differences in efficacy between the 2 treatment groups.
Notably, the complete response rates at week 24 and week 48
were comparable to those observed in past trials in patients with
LN (22) that included participants with new-onset LN.
Compared to prior treatment trials in LN, we encountered
a higher frequency of ESRD (9%). This finding may reflect the
fact that enrollment in the CALIBRATE trial was restricted to
patients with recurrent or refractory nephritis. All 4 participants
who progressed to ESRD entered the trial with nephrotic levels
of proteinuria (UPCRs of 3.4, 3.8, 4.2, and 5.3). The fact that 3
of these participants were in the RC group may simply reflect
the imbalance between the groups with respect to the UPCR
value at trial entry. However, we observed a trend toward 1)
better responses among participants with nephrotic levels of
proteinuria in the RCB group, 2) an increased frequency of
ESRD in the RC group, and 3) an increased number of participants in the RC group who were withdrawn prior to week
48 due to lack of renal response at week 24, or withdrawn for
reasons related to LN. All of these findings imply that a maintenance regimen may be important following a single course of
rituximab and CYC therapy in patients with recurrent or refractory LN. This is consistent with recent data showing a benefit of
adding belimumab to a maintenance regimen for LN (23), and
consistent with the practice of administering a second dose of
rituximab as reinforcement at 6 months.
For more than a decade, there has been controversy regarding
the role of B cell depletion in the treatment of LN. Despite positive
anecdotal experiences and case series, controlled trials continue
to yield disappointing results. In this respect, the findings from the
CALIBRATE trial are consistent with those from past controlled
trials. Forty-eight weeks after treatment with rituximab, only onethird of participants in each group achieved a complete response.
Belimumab reduces disease activity in SLE patients without
nephritis (24) and produces partial B cell depletion, which is associated with lower circulating levels of BAFF (25). The CALIBRATE
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trial explored the effects of belimumab after B cell depletion with
anti-CD20 therapy. Participants who received belimumab exhibited lower B cell numbers at all time points. Nonetheless, median
IgG levels remained within the normal range in both groups, and
the addition of belimumab to a regimen of CYC, rituximab, and
glucocorticoids did not result in an increase in serious infectious
adverse events.
This study employed sequential administration of rituximab
and belimumab, with the objective of reducing the emergence
of autoreactive B cells during B cell reconstitution, as increased
BAFF levels have been associated with the risk of relapse (26).
Another potential therapeutic strategy would be to administer belimumab followed by rituximab. Since BAFF enhances
the mobilization of B cells into lymphoid follicles (27) and belimumab reduces the number of B cells in lymphoid tissues (28),
this sequence might increase systemic depletion of memory B
cells by moving them into circulation, where they would be more
susceptible to rituximab-mediated cell death. This strategy is
being examined in an ongoing clinical trial of nonrenal SLE, the
BLISS-BELIEVE study (Study to Evaluate the Efficacy and Safety
of Belimumab Administered in Combination With Rituximab to
Adult Subjects With Systemic Lupus Erythematosus; ClinicalTrials.gov identifier: NCT03312907). The increased percentage of
class-switched IgD− memory B cells that was observed in the
RCB group is consistent with previous observations (29), and
also with a belimumab-induced release of memory B cells from
lymphoid organs, suggesting that a regimen of belimumab prior
to rituximab may be of benefit.
We observed a reduced percentage of naive B cells in the RCB
group, consistent with the dependence on BAFF for differentiation of
transitional to naive B cells. In contrast, the RC group exhibited an
increased proportion of naive B cells, presumably due to the unhindered maturation of transitional into naive B cells. This observation
is consistent with that in previous studies showing decreased numbers of circulating naive B cells in patients treated with belimumab
only (25,30,31). The results of one study demonstrated that belimumab controlled the developmental checkpoint of transitional
cells between the T1 and T3 stages, with the conservation of the T1
population and reduction of the late T3 population in SLE patients.
Although not studied in this trial, the increased percentages of transitional B cells observed in both treatment groups is likely composed
of different subsets, with the T1 phenotype predominating in the
RCB group and T2 and T3 subsets in the RC group.
A recent study of lupus patients receiving long-term belimumab therapy showed a reduction in the usage of the VH4–34
gene associated with anti-dsDNA antibodies in IgM+ B cells (30).
We analyzed the percentage of each subpopulation in ANA+ autoreactive B cells, as well as the percentage of each ANA+ B cell
subpopulation among B cells, by flow cytometry in the patients’
peripheral blood. As expected, we observed a decreased percentage of naive B cells within the autoreactive ANA+ B cell
compartment (Figure 3A), and a decreased percentage of ANA+
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naive cells among total B cells (Figure 3B) in the RCB treatment
group compared to the RC treatment group. We did not, however,
observe a decreased percentage of ANA+ B cells in the naive B
cell subset in patients receiving belimumab.
This trial adds to the growing body of literature examining B
cell combination therapy in SLE. The recently published single-arm,
proof-of-concept SynBiOse trial of rituximab and belimumab in 16
patients with active SLE demonstrated clinical efficacy at week 24
(32). Thirteen participants had LN. The median SLE Disease Activity Index score decreased from 18 at baseline to 2 at week 24,
and median proteinuria levels decreased from 2.3 gm/24 hours
to 0.7 gm/24 hours. These clinical benefits were noted despite
the fact that background treatment with MMF and glucocorticoids
was tapered to low levels during the study. The rate of complete
renal response was slightly higher in the SynBiOse trial participants
compared to that in the CALIBRATE trial. The reasons for this difference are not entirely clear, but are likely multifactorial. Notably,
the trial designs and study populations were quite different: 1)
SynBiOse participants received higher initial doses of steroids and
did not receive concomitant CYC; 2) the definition for complete
renal response was more stringent in the CALIBRATE trial; and
3) the racial/ethnic composition of the participants differed. In this
regard, the CALIBRATE trial included a racially diverse sample,
including 40% of patients being African American, a group underrepresented in the first trials of belimumab (33).
The CALIBRATE trial is an important step in understanding
the mechanisms of action of combination therapy with rituximab
and belimumab for the treatment of LN in SLE. These findings may
lay the foundation for larger trials designed to assess efficacy.
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