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Abstract Lupus nephritis is a life-threatening complication
of systemic lupus erythematosus. The standard treatment for
this condition, including corticosteroids and cyclophospha-
mide, results in a 70 % remission rate at 12 months, but it is
also associated with significant morbidity. Rituximab, a chi-
meric anti-CD20 antibody, could be useful, given the central
role of B cells in the pathogenesis of systemic lupus erythe-
matosus. Case reports and retrospective series have reported
that rituximab is effective for refractory lupus nephritis. How-
ever, the double-blind, placebo-controlled LUNAR trial failed
to meet its end point. We studied clinical, biological, and im-
munological data on 17 patients who received rituximab as an
induction treatment for refractory lupus nephritis at the Uni-
versity Hospital Center of Bordeaux. A complete treatment
response was defined as a normal serum creatinine with inac-
tive urinary sediment and 24-h urinary albumin <0.5 g and a
partial response (PR) as a >50 % improvement in all of the
renal parameters that were abnormal at baseline, with no de-
terioration in any parameter. Seventeen patients received ri-
tuximab as induction treatment for lupus nephritis refractory
to standard treatment by cyclophosphamide. After a follow-up
of 12 months, complete or partial renal remission was
achieved in 53 % patients. Rituximab therapy resulted in a

significant improvement in proteinuria and steroid dose taper-
ing in all patients. Rituximab should be considered as a treat-
ment option for refractory lupus glomerulonephritis.
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Introduction

Lupus nephritis (LN) is one of the most severe manifestations
of systemic lupus erythematosus (SLE) and may affect more
than 50 % of patients [1]. Kidney-specific lesions and
treatment-linked toxicities contribute to the high morbidity
and mortality of LN. Approximately 10 % of all patients
who are affected by LN will develop end-stage renal failure.
The standard treatment for active proliferative LN includes
corticosteroids (CS) in conjunction with cyclophosphamide
(CYC) or mycophenolate mofetil (MMF) [2, 3]. Although
the renal response rates among patients receiving this treat-
ment reach 50–80 % at 1 year, many of these responses are
partial. Therefore, treatments that are more effective, less tox-
ic, and fertility-sparing are needed especially in the manage-
ment of refractory LN (defined as LN resistant to standard
treatment). B cells play a central role in the pathogenesis of
SLE; B cell overactivity participates in the activation of the
autoimmune processes associated with SLE, such as the pro-
duction of autoantibodies and various cytokines, and the acti-
vation of potent antigen-presenting cells [4]. B cell-targeted
therapy has been introduced for SLE therapy [5]. However, in
two recent randomized placebo-controlled trials with SLE pa-
tients, the chimeric anti-CD20 antibody, rituximab (RTX),
failed to achieve the primary end points [6, 7]. In contrast,
RTX has been reported to be a promising treatment option in
several case series and off-label studies in patients with
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refractory SLE [8–14]. Here, we report on a chart review
investigating the effectiveness and safety of RTX in patients
with refractory LN.

Methods

PatientsWe analyzed data on patients followed for refractory
LN (i.e., resistant to standard treatment with CYC) who were
treated with RTX at the University Hospital Center of Bor-
deaux. All patients had previously been treated with CYC and
then gave informed consent for receiving RTX for LN. Eligi-
ble patients were adults and had a diagnosis of SLE according
to the revised American College of Rheumatology criteria
[15].

Lupus nephritis definition and response criteria LN was
defined according to the 2003 International Society of
Nephrology/Renal Pathology Society (ISN/RPS) [16] and
confirmed on a renal biopsy within 6 months prior to inclu-
sion. The primary efficacy end point was renal response at
week 52 after the first infusion of rituximab based on the
European consensus statement on the terminology used in
the management of lupus glomerulonephritis [17]. A complete
renal response (CRR) was defined as proteinuria under 0.2 g/
24 h, a glomerular filtration rate stable or up to 90 ml/min, and
inactive urinary sediment. A partial renal response (PRR) was
defined as proteinuria between 0.2 g/24 h and 0.5 g/24 h, a
glomerular filtration rate stable or up to 90 ml/min, and inac-
tive urinary sediment, and the absence of response (NRR) was

defined as proteinuria over 0.5 g/24 h, a deterioration in the
glomerular filtration rate, and active urinary sediment.We also
recorded the SLEDAI score, adverse effects, autoantibody
titers (anti-nuclear and anti-double-stranded DNA (dsDNA)
antibodies), and steroid doses.

Statistical analyses Quantitative variables are expressed as
the median and interquartile range. Differences in continuous
variables were analyzed using non-parametric tests, and dif-
ferences between paired data were determined using a paired t
test. All statistical analyses were performed with PASW Sta-
tistics 18 for Windows (IBM SPSS, Chicago, USA).

Results

Patient characteristics at inclusion are described in Table 1.
Seventeen patients were included; the median age at inclusion
was 36 years (30–44), and the median SLE duration was
12 years (8–19). The median number of LN flares before
RTX treatment was 3. All patients had previously been treated
with CYC for LN flares, with a median rate of 2 CYC lines
(i.e., six pulses of 500 mg of CYC for 15 days); other LN
flares were managed with MMF, mycophenolic acid (MPA),
or azathioprine (AZT). Renal biopsy showed class IV nephri-
tis in 10 patients, class III nephritis in six patients, and class II
nephritis resistant to CS in one patient. Three patients present-
ed with simultaneous SLE extra-renal manifestations, two
with articular involvement, and one with cutaneous vasculitis.
The RTX doses were either 375mg/m2 a week for 4 weeks (10

Table 2 Epidemiologic and
clinical features according to renal
response

All (n = 17) CRR (n= 4)a PRR (n= 5)a NRR (n= 8)a

Sex ratio (M/F) 3/14 2/2 0/5 1/7

Age (years) 36 [30–44] 33,5 [31–40] 41 [31–44] 32 [23–38]

SLE duration (years) 12 [8–19] 13,5 [10–17] 11 [10–15] 15 [8–19]

SLEDAI 10 [6–12] 9 [6–16] 8 [6–9] 12 [10–12]

Glomerulonephritis class (patient number)

Class II 1 0 0 1

Class III 6 2 2 2

Class IV 10 2 3 5

Previous renal flares (number) 2 [2, 3] 2,5 [2, 3] 3 [2, 3] 3 [3, 4]

Previous induction by CYC (line number) 2 [1, 2] 1,5 [1, 2] 2 [1, 2] 2 [1, 2]

Prednisone at inclusion (mg/day) 20 [8–30] 20 [16–25] 30 [20–40] 9 [5–15]

Immunosuppressants associated with rituximab (patients number)b

MMF 8 3 1 4

MPA 6 1 3 2

AZA 1 0 0 1

HCQ 5 1 1 3

a Renal response: CRR complete renal response, PRR partial renal response, NRR non-renal response
b Immunosuppressants associated with rituximab: MMF mycophenolate mofetil, MPA mycophenolic acid, AZT
azathioprine
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patients) or two infusions of 1 g at day 0 and day 15 (seven
patients). In all cases, RTX was given in conjunction with
prednisone pulses, with doses ranging from 100 to 750 mg.
The epidemiologic and clinical features according to the renal
responses are shown in Table 2. Nine of the 17 patients (53 %)
reached a global renal response; CRR was achieved in four
patients, and PRRwas achieved in five patients. Eight patients
had no response (NRR). The highest rate of response was
achieved in patients with class III nephritis (four of the six):
two CRR and two PRR. The rate of response was 50 % in
class IV nephritis. The patient with class II nephritis did not
achieve a response.

One year after RTX treatment, the median SLEDAI
score was significantly decreased for all patients and for
responder patients progressing from 10 (6–26) to 5 (0–13)
(p< 0.0002) and from 8 (6–26) to 2 (0–12), respectively
(p< 0.0039). Responder patients had a lower median base-
line proteinuria compared to NRR patients, 2.35 g/24 h
(0.68–6) and 4 g/24 h (2.7–26), respectively (p< 0.012).

An improvement in proteinuria was observed in all groups
of responders, from 3 g/24 h (0.65–3.8) at inclusion to
0.5 g/24 h (0–5) at 1 year (p< 0.0001). For patients with
CRR and PRR, proteinuria tapered from 2.35 g/24 h at
baseline to 0.28 g/24 h [0–0.5] at 1 year after rituximab
treatment (p< 0.0039) and from 4 g/24 h to 1.32 g/24 h
(0.76–5) (p< 0.0067) in NRR patients (Fig. 1a).

The median dose of prednisone 1 year after RTX was sig-
nificantly decreased compared with the median dose of pred-
nisone at inclusion in all patients; it dropped from 20mg a day
(0–40) to 5 mg a day (0–20), respectively (p<0.002). Even
NRR patients had their prednisone dose lowered from 9 mg
(0–40) to 5 mg a day (0–20) (NS) (Fig. 1b). The median anti-
dsDNA rate in responder patients was 153 UI/ml (20–1745) at
inclusion and 36 UI /ml (5–860) 1 year after RTX therapy
(p<0.0039). For NRR patients, the rate was 186.5 UI/ml
(31–1082) at inclusion and significantly decreased to
136.5 UI /ml 1 year after RTX therapy (16–713) (p<0.039)
(Fig. 1c). Only one notable adverse effect was reported; one

Fig. 1 Evolution of proteinuria
(a), prednisone dose (b), and anti-
dsDNA rate (c) at inclusion (M0)
and 1 year after the first rituximab
infusion (M12) according to renal
response. RR global renal re-
sponse including CRR and PRR,
CRR complete renal response,
PRR partial renal response, NRR
non-renal response
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patient presented with pyelonephritis due to Escherichia coli
2 years after the first rituximab infusion in the context of
hypogammaglobulinemia.

Discussion

In the present study, RTX was effective in 53 % of patients
with a history of LN refractory to CYC. One year after RTX
treatment, we noted a drastic decrease in both proteinuria and
the anti-dsDNA antibodies rate even in NRR-defined patients.
Moreover, RTX treatment resulted in a significant decrease in
the prednisone dose. RTX infusion was well tolerated in this
study, with only one patient experiencing an adverse event.
Our findings are in line with those of previous open-label
studies of RTX in SLE [9, 11]. Prospective data from the
French Autoimmunity and Rituximab (AIR) registry showed
the safety and clinical efficacy of RTX and reported articular,
renal, and hematologic improvements (72, 74, and 88 %, re-
spectively) even among patients with refractory SLE [10]. In
addition, patients with lupus nephritis in the European cohorts
demonstrated a 67 % improvement at 1 year after RTX ther-
apy [14]. In the Lupus Nephritis Assessment with Rituximab
(LUNAR) trial, patients with proliferative (class III or IV) LN
were randomized to RTX versus placebo and all patients were
treated with high-dose glucocorticoids and MMF [7]. Howev-
er, the primary end point for RTX was not met, although RTX
treatment did improve serologic markers. It is important to
note that our inclusion criteria differ from the LUNAR trial;
all of the patients included in our study were refractory to
CYC, whereas the LUNAR trial excluded patients who had
previously been treated with CYC. The highest rates of re-
sponse in our study were obtained with type III LN. These
findings are in keeping with those of open series that found
different rates of response according to the 2003 International
Society of Nephrology/Renal Pathology Society (ISN/RPS)
histopathological classification, with a threefold higher rate
of CRR in patients with type III LN than in type IV [14]. This
low rate of CRR in type IV LN could have contributed to the
non-significant results of the LUNAR trial, in which two
thirds of the patients had type IV LN [7].

The optimal dosing regimen for RTX in SLE remains un-
clear; in the randomized placebo-controlled trials,
1000 mg×2 infusions were used [6, 7], whereas two different
RTX schedules were used in the present study (1000 mg×2
infusions and 375 mg/m2×4 infusions) but did not influence
the response (data not shown). The immunosuppressant
agents used in conjunction with RTX did not seem to influ-
ence the renal response because MMF, MPA, and HCQ were
used equally in responders and NRR patients, but it is note-
worthy that the prednisone doses at inclusion were higher in
the responder patients. Other factors such as age and the clin-
ical manifestations of SLE were similar between each group

of responders. Nevertheless, the baseline SLEDAI was higher
in the NRR patients than in CRR and PRR patients because of
active urinary sediment with hematuria, which occurred in
two thirds of patients with hematuria.

The limitations of our study include its relatively small
sample size, its observational design, and the missing data
including the measurement of the B cell counts and RTX
human antichimeric antibody. In summary, RTX might not
be recommended as a first-line treatment for patients with
SLE who have the potential to respond well to conventional
treatment. However, many studies including the present one
have demonstrated that RTX is effective and relatively safe
therapeutic option in patients with severe refractory LN. Fu-
ture randomized controlled trials in patients with refractory
SLE are required.
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