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Rituximab alone as induction therapy for
membranous lupus nephritis
A multicenter retrospective study
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Abstract
The optimal treatment for pure membranous lupus nephritis (MLN) remains undetermined. Rituximab constitutes a promising
therapeutic option for lupus nephritis and is currently being evaluated for use in idiopathic membranous nephritis. We retrospectively
analysed the efficacy and tolerance of rituximab as a monotherapy in the induction treatment of pure MLN.
We retrospectively investigated SLE patients with biopsy-proven pure class V lupus nephritis presenting with a protein-to-

creatinine ratio of at least 2g/g and treated with rituximab as monotherapy. A background low dose of corticosteroids (�20mg/day)
was allowed, as was hydroxychloroquine; higher doses of steroids and/or immunosuppressive drugs fell under the exclusion criteria.
Remission status was evaluated at baseline and 6, 12, and 24 months after rituximab.
The study included 15 patients (13 women, median age 37 years, 27% with extra-renal manifestations, median SLE duration 1.5

years). The median protein-to-creatinine ratio was 4.9g/g, 80% of the patients had nephrotic-range proteinuria, the median serum
albumin was 24g/L, the median serum creatinine was 0.7mg/dL, and the median eGFR was 122mL/min/1.73 m2. The median
follow-up was 29 months (6–112 months). Treatment failure occurred in 2 patients. However, remission was recorded in the
remaining 13 (87%, complete remission in 8 patients) with a median time to remission of 5 months. Median proteinuria decreased
from 4.9g/g to 0.16g/g at month 12 and to 0.11g/g at month 24. Median serum albumin increased to 36.5g/L at month 24, and all
patients had serum albumin levels greater than 30g/L at month 12. Renal function remained stable in all patients. Relapse of
proteinuria was recorded in 3 patients (at 12, 29, and 34 months). No patients experienced serious adverse events.
Rituximab as monotherapy may represent an effective treatment for pure MLN with an excellent tolerance profile.

Abbreviations: ACR = American College of Rheumatology, CKD = chronic kidney disease, CR = complete remission, ESRD =
end-stage kidney disease, EULAR/ERA-EDTA= European Renal Association–European Dialysis and Transplant Association, HCQ=
hydroxychloroquine, MLN = pure membranous lupus nephritis, NRs = nonresponders, PR = partial response, SLE = systemic lupus
erythematosus, UPCR = urine protein to creatinine ratio.
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1. Introduction

Lupus nephritis is a severe complication of systemic lupus
erythaematosus (SLE). Lupus nephritis affects between 20% and
60% of patients[1,2] and is associated with a poor renal and
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cardiovascular prognosis. Progression to end-stage kidney
disease (ESRD) occurs in 10% to 30% of patients despite
treatment.[2]

Class V or pure membranous lupus nephritis (MLN) occurs in
7% to 20% of patients with lupus nephritis.[3,4] The prognosis of
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MLN is generally considered better than proliferative forms (class
III or class IV A+/�C+/�V lupus nephritis). However, many
observations support the rationale for specific treatment in some
patients with MLN. First, the risk of progression to ESRD
remains significant. Indeed, despite heterogeneous data and few
series, up to 25% of patients progress to ESRD at 10 years of
follow-up. High proteinuria is a risk factor for this poor renal
outcome.[5,6] Additionally, the clinical presentation of MLN is
dominated by nephrotic syndrome, exposing patients to morbid-
ities such as hypercoagulability, thrombosis, hyperlipidaemia,
and increased cardiovascular risk.[5,7] Therefore, a specific
therapy is recommended for patients presenting with subneph-
rotic or nephrotic proteinuria.[8,9]

There are no evidence-based guidelines regarding treatment for
MLN. Based on observational studies or sporadic reports, most
authors suggest a treatment including glucocorticoids combined
with immunosuppressive agents such as cyclophosphamide,[10]

mycophenolate mofetil,[11] azathioprine,[12] or cyclospor-
ine,[10,13] considering that steroids alone are ineffective.[10,14,15]

However, these drugs are associated with many adverse effects,
and their long-term efficiency remains unclear.
Rituximab is a chimeric anti-CD20 antibody that induces a

long-lasting B cell depletion. Rituximab monotherapy is effective
and well tolerated in idiopathic membranous nephropathy[16,17]

and represents a promising treatment option when associated
with steroids and/or immunosuppressive drugs in lupus nephri-
tis,[18] including patients with pure MLN.[19–21] Thus, we
questioned whether rituximab as monotherapy could be of
interest in pure MLN.
We conducted this retrospective study to provide data on the

efficacy and safety of rituximab alone in SLE patients with pure
MLN.
2. Patients and methods

2.1. Patients

This retrospective study was conducted according to the
principles expressed in the Declaration of Helsinki. The ethics
committee of the Groupe Coopératif sur le Lupus Rénal
approved the study. The study registry was declared to the
Commission Nationale de l’Informatique et des Libertéswith the
registration number 2070868.
We retrospectively identified all patients who received

rituximab as monotherapy for pure MLN in 27 French medical
centers during the past 10 years. Eligible patients fulfilled the
following inclusion criteria: (1) diagnosis of SLE based on 4 or
more of the 11 revised criteria of the American College of
Rheumatology (ACR) for the classification of SLE;[22] (2) biopsy-
proven pure membranous lupus nephritis (classV but not classes
IIIA+V or IVA+V) according to the International Society of
Nephrology/Renal Pathology Society 2003(ISN/RPS) classifica-
tion,[23] adequate kidney biopsy containing at least 10 glomeruli
and performed less than 12 months before initiation of
rituximab; (3) protein-to-creatinine ratio of at least 2g/g; (4)
induction treatment for pure MLN with rituximab alone. We
excluded patients with membranous nephropathy who did not
have a clear clinical or histological diagnosis of SLE and patients
who received concomitantly high-dose corticosteroids (>20mg
per day) and/or immunosuppressive therapy for MLN (e.g.,
cyclophosphamide, mycophenolate mofetil, azathioprine, cyclo-
sporine, or tacrolimus) with the exception of corticosteroids
infused at low doses with rituximab for its tolerability. Patients
2

treated with background steroids �20mg per day with
hydroxychloroquine, angiotensin-converting enzyme inhibitors,
or angiotensin receptor blockers in addition to rituximab could
be included.
2.2. Evaluation

Response was evaluated by assessing clinical activity and renal
response at baseline (initiation of rituximab therapy) and after 6,
12, and 24 months of treatment. Serial evaluation of CD19-
positive blood cells count was not analyzed due to missing data.
2.3. Efficacy assessment
2.3.1. Renal response. We evaluated renal response according
to definitions proposed by KDIGO guidelines and the Joint
European League Against Rheumatism and European Renal
Association–European Dialysis and Transplant Association
(EULAR/ERA-EDTA) consensus statement.[8,9]

Complete renal remission (CR) was defined as a urine protein
to creatinine ratio (UPCR) <0.5g/g and normal or near-normal
(within 10% of normal GFR if previously abnormal) GFR.
Partial renal response (PR) was defined as a≥50% reduction in

proteinuria to subnephrotic levels and normal or near-normal
GFR.
Early failure was considered for patients in whom the physician

added an immunosuppressive therapy and/or increased the
steroids dosage to greater than 20mg per day during the 12
months after the first rituximab infusion. Patients who were
reinfused with rituximab were not included in this category.
Nonresponders (NR) were patients with no CR or PR AND

with no early failure.
Rituximab failure was considered for nonresponders after 12

months postrituximab AND for patients with early failure.
Proteinuric flares (relapse) include reproducible doubling of

UPCR to >1g/g after complete response or reproducible
doubling of UPCR to >2g/g after partial response.

2.3.2. Nonrenal manifestations of SLE. Disease activity was
assessed for each patient using the SLEDAI score. We also
reported all clinical or biological manifestations related to lupus
activity.
2.4. Statistical analysis

Descriptive statistical analyses were performed. Data were
represented as the medians (range) for continuous variables
and frequencies for categorical variables.
Kaplan–Meier plots were constructed for the probability of

remission and time to flare. For these analyses, the Prism
(GraphPad Software Inc., La Jolla, CA) software program was
used. Results with P values less than .05 were considered
significant.

3. Results

3.1. Baseline characteristics

The study included 15 patients (13 females; 87%). Patient
characteristics are detailed in Table 1. The median age at
inclusion was 37 years, and the median SLE duration before
inclusion was 1.5 years. Previous renal flares were recorded in 6
patients, as indicated in Table 1, and 5 patients had received prior
immunosuppressive therapy. At MLN diagnosis, 9 were treated
with HCQ and 10 with steroids. Concurrent nonrenal



Table 1

Individual characteristics of patients at baseline and during follow-up.
Baseline (M0) Follow-up

Patient
Age (y)/
gender Ethnicity

SLE
duration,
years

Previous
history
of LN (

∗
) Previous IS

Dose of
Pred at

inclusion (mg)
SLEDAI at
inclusion

Proteinuria
(g/g)

Serum
albumin
(g/L)

Serum
creatinine

(mg/dL) (eGFR†)

Extra-renal
manifestations
at inclusion

Dose
of RTX M6 M12 M24

RTX
failure

1 33/M B 0.08 – – 0 8 6 12 0.8 (122) A, Ad, R ‡ PR NA NA No
2 31/F B 2.3 – CS, HCQ 2.5 10 7.4 19.5 0.4 (158) N ‡ PR PR CR No
3 37/F B 0.4 – – 5 19 2 28.3 0.8 (98) S, A, Ad, Al, F ‡ CR CR CR No
4 40/F C 24 V/V/V/V AZA, MTX,

CsA, HCQ
5 10 4.8 34 0.9 (67) N ‡ PR NA NA No

5 24/F B 1 – HCQ 20 11 5.8 23 0.6 (144) A, F, P ‡ CR CR NA No
6 38/F B 0.3 – MMF, CS 7 12 5 17 0.3 (155) N ‡ EF (M4) NA NA Yes
7 38/F C 14 IIIA+V MMF, CYC,

AZA, HCQ
5 12 4.9 22 0.5 (121) N ‡ PR PR, R-Re PR, R-Re No

8 37/F B 2.5 I CS, HCQ 10 6 7 24 0.7 (121) N x NR, R-Re CR CR No
9 21/F C 1.5 – – 0 8 28 27 0.6 (124) N x NR CR, R-Re CR No
10 47/F B 10 IIIA+V/ IIIA/

IIIC+V/ IIIC+V
CYC, MMF,
CS, HCQ

10 10 2.8 30 0.6 (120) N ‡ CR Relapse, R-Re NA No

11 22/F B 1 II CS, HCQ 15 4 4.3 31 0.5 (153) N ‡ PR CR CR No
12 38/F C 5.5 – HCQ 0 4 2.3 27 0.6 (110) N x CR CR CR No
13 46/F B 0.3 – – 20 6 16.7 9.5 0.6 (124) S x PR, R-Re CR, R-Re CR No
14 32/F B 23 IVA CYC, MMF,

CS, HCQ
7 12 3 35 0.9 (81) N x PR EF (M9) NA Yes

15 34/M B 0.08 – – 5 8 3.7 22 0.6 (144) N x PR NA NA No

–= absence, A= arthritis, Ad= lymphadenopathy, Al=Alopecia, Aza= azathioprine, B=Black, C=Caucasian, CR= complete remission, CS= corticosteroids, CsA= cyclosporine A, CYC= cyclophosphamide,
EF=early failure, F= female, F= fever, F= IS failure, HCQ=hydroxychloroquine, LN= lupus nephritis, M=male, MMF=mycofenolate mofetil, N=none, NA= absence of data or end of follow-up, NR=
nonresponder, P=pericarditis, PR=partial remission, R=Raynaud phenomenon, R-Re=RTX reinfusion (R-Re: RTX reinfusion: at months 6, 17, and 29 for patient 7, at month 6 for patient 8, at month 10 for
patient 9, and at months 6 and 12 for patient 13), S= cutaneous manifestations.
∗
According to the ISN/RPS 2003 classification.

† According to the CKD EPI algorithm.
‡ 1g/15 days (�2).
x 375mg/m2/week (�4).

Table 2

Patient characteristics at baseline and follow-up.

Baseline 6 months 12 months 24 months

Total remission 12 (80%) 9 (75%) 8 (80%)
CR 4 (27%) 7 (58%) 7 (70%)
PR 8 (53%) 2 (17%) 1 (10%)

Rituximab failure 1 (7%) 2 (17%) 2 (20%)
Nonresponse 2 (13%) 0 0
Early failure 1 (7%) 2 (17%) –

Relapse 0 1 (8%) 0
Proteinuria, g/g 4.9 1.2 0.02 0.01
Serum albumin, g/L 24 37 37.5 36.5
Serum creatinine, mg/dL 0.7 0.7 0.7 0.7
SLEDAI 10 8 3 4
Anti-DNA antibodies, UI/mL 140 20.8 24.4 27

Median C3, g/L 0.8 0.78 0.88 0.65
Median C4, g/L 0.27 0.2 0.2 0.11

Follow-up statuses are given by the number of patients and percentage of the cohort at the moment of
follow-up.
CR= complete remission, CR= complete remission.
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manifestations of SLE (articular in 3 patients, cutaneous in
3 patients, and a pericarditis in 1 patient) were recorded in
4 patients (27%). The median SELENA-SLEDAI score was 10.
Anti-dsDNA antibodies and/or hypocomplementemia were
detected in eleven patients (73%). The median proteinuria was
4.9g/g (2–28g/g); the nephrotic range proteinuria was present in
12 patients (80%), nephrotic syndrome in 9 patients (60%), and
microscopic haematuria in 9 patients (60%). The median
albuminemia was 24g/L (9.5–35g/L). The median serum
creatinine was 0.69mg/dL and median eGFR was 122mL/min/
1.73m2 according to the CKD-EPI formula.
Thrombotic events at diagnosis of MLN occurred in 3 patients

(20%)with nephrotic syndrome (pulmonary embolism in 2, renal
vein thrombosis in 2). None were diagnosed with antiphospho-
lipid syndrome.
Rituximab was initiated for the current MLN as a second-line

therapy in 3 patients with a persistent proteinuria after a first
treatment combining mycophenolate mofetil in 2 of them or
azathioprine with steroids in 1.

3.2. Rituximab therapy

In all patients, rituximab was initiated after 3 to 6 months of
nonresolving proteinuria. Rituximab was administered as 2
infusions of 1g at day 0 and day 14 in 9 patients (60%) and
375mg/m2 once per week for 4 weeks in 6 patients (40%).
Premedication with 60mg of methylprednisolone was given to all
patientsprior to each infusionof rituximab.Aconcurrent treatment
with low-dose oral steroids (median dose=7mg per day; 2.5mg to
20mg) was given in 13 patients at rituximab initiation. All patients
but one (93%) were treated with hydroxychloroquine at inclusion
(initiated in 5 and previously given in 9).
A re-administration of rituximab was performed in 4 patients

during the first 12 months, 2 for NR at months 8 and 9, 2 for
partial response at month 6 (Table 1).
3

3.3. Follow-up and renal outcome

The median follow-up was 29 months (6–112 months).
Individual patient statuses during follow-up are given in Table 1,
and whole-cohort characteristics are shown in Table 2. Early
failure was recorded in 2 patients due toMMF introduction in the
first 12 months: at month 4 in patient 6 in a context of persistent
proteinuria and in patient 14 at month 9, despite a recorded PR
with a 60% decrease in proteinuria. The remaining 13 patients
(87% of the cohort) experienced remission in the 12 months
following rituximab, CR in 9 (60% of the entire cohort) or PR in
the remaining patients. The median time to PR or CR was
5 months (10 months for CR). The cumulative probability of

http://www.md-journal.com


Figure 1. (A) Probability of remission and the absence of rituximab failure from
the first rituximab infusion. (B) Probability of relapse from the first rituximab
infusion. (Kaplan-Meier plots were constructed for the probability of remission
and time to flare).
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remission was of 73% at month 6 and 87% at month
12 (Fig. 1A).
Median proteinuria improved from 4.9g/g at presentation to

0.2g/g at month 12 and 0.1g/g at month 24. There was a
significant increase in serum albumin with a median value rising
from 25.5g/L at diagnosis to 37.5g/L at month 12 and 36.5g/L at
month 24. Notably, all patients had an albumin greater than 30g/
L at month 12. Renal function remained stable in all patients
during all the follow-up.
Proteinuria relapsed in 3 patients (20%) in whomCR had been

obtained (at month 12, at month 34, between months 12 and 29).
The cumulative risk of relapse was of 10% at month 12 and 41%
at month 36 (Fig. 1B). Renal biopsy at relapse showed a pure
MLN (patient 2) and class III+V LN (patient 5) (no renal biopsy
in patient 10; her clinician assumed that proteinuria relapse was
related to pure MLN).
In other patients, persistent remission was recorded after

month 24 (in 7 of the 9 patients [78%] with a long follow-up).
During follow-up, 2 patients became pregnant, and no relapse
occurred during or after pregnancy (See Supplemental Fig. 1 that
shows the flow chart of patients treated with rituximab, http://
links.lww.com/MD/B786).
Patient 7 was re-treated with rituximab after month 12: at

month 17 and month 29 for PR (Table 1).
CD19-positive blood cell counts could not be analyzed

regarding relapse or remission status during follow-up due to
missing data.
4

3.4. Nonrenal lupus activity

Rituximab was efficient for extra-renal manifestations in all
4 patients who presented with SLE nonrenal manifestations at
inclusion. Patient 12, who was in sustained CR since month 4,
was treated with methotrexate at month 16 for a cutaneo-
articular flare of SLE. Among the remaining patients, none
required increased corticosteroids doses or the initiation of an
additional IS therapy for extra-renal manifestations of SLE. The
median SELENA-SLEDAI score decreased from 10 at baseline to
4 at 24 months (Table 2).
3.5. Adverse events

Rituximab infusions were well tolerated. One patient complained
of sore throat during rituximab infusion that resolved after
slowing the infusion rate. During follow-up, only 2 adverse
events were reported in 2 different patients: a nonsevere rhino-
bronchitis 6 months after rituximab that resolved without
antibiotics, and a cutaneous herpes zoster virus infection
26 months after rituximab.
4. Discussion

In this multicenter retrospective study, we show that the use of
rituximab as monotherapy for pure MLN with high-level
proteinuria is associated with a subsequent high rate of remission
(87%) and an excellent tolerance profile. No other study has
investigated the effects of rituximab in SLE without any other
associated therapy, immunosuppressive agents, or steroids
background.
Combinations of steroids or other immunosuppressive agents

and B-cell depletion therapy with rituximab have recently been
added to treatment options inMLN.[8,9,24] In addition to its well-
demonstrated efficacy and safety for non-Hodgkin lympho-
mas,[25] rituximab has been shown to be effective in several
autoimmune diseases including SLE.[18,26] Although the most
influential clinical trial investigating rituximab for proliferative
LN failed to demonstrate a higher efficacy when added to steroids
and mycophenolate,[27] successful or promising experiences have
been recorded using rituximab with other drug combinations in
other clinical contexts including MLN.[19,28] Interestingly,
rituximab in association with mycophenolate but no steroids
(the rituxilup regimen) has been shown to be of potential interest
in treating LN including MLN.[18] Lightstone and colleagues are
currently evaluating this strategy in an ongoing prospective
controlled trial. In this context, and as proposed for severe
idiopathic membranous nephropathy,[16,17] we proposed ritux-
imab monotherapy for MLN with high-level proteinuria, a
strategy that we preliminarily evaluated in this multicenter
retrospective cohort study. Our primary conclusion is that
rituximab as monotherapy may be effective and safe in patients
with pure MLN. Indeed, 13 of the 15 patients (87%) experienced
remission of severe proteinuria in a median time of 5 months in
the absence of serious adverse events. Long-lasting CR (more
than 2 years after rituximab infusion) were observed in 7 of 9
patients with a follow-up of more than 2 years. Conversely, only
3 patients experienced proteinuria relapse.
Several points support the underlying role of rituximab instead

of a spontaneous remission of proteinuria: (i) We observed higher
remission rates than previous series of untreated or steroids-only
treated patients in which remission occurred in 7 to 50% of
patients.[3,5,14,15] (ii) Most of the patients in the study (80%)

http://links.lww.com/MD/B786
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presented with a nephrotic-range proteinuria, a condition that is
rarely associated with spontaneous remission.[3]

HCQ was shown to increase the remission rate in pure MLN.
In the present study, we feel that remission of proteinuria was
unlikely to be related to HCQ instead of rituximab because most
of patients were treated by HCQ for years when MLN-related
proteinuria occurred. Nonetheless, we cannot exclude a
synergistic effect of HCQ when associated with rituximab, as
previously observed when associated with azathioprine plus
steroids or mycophenolate plus steroids.[29]

Rituximab alone in our series appears to induce a success rate
similar to that in typical therapies. Previous reports assessed CR
and PR in 67% and 22% of patients, respectively, under steroids
plus azathioprine at 12 months with a relapse rate of 19%;[12] in
55% and 35% of patients, respectively, under steroids plus
cyclophosphamide; and in 40% to 62% and 15 to 20% of
patients, respectively, treated with steroids plus mycophenolate
mofetil.[11,30] In the only randomized controlled trial dedicated to
MLN by Austin et al,[10] the cumulative probability of remission
was 83% in patients treated with steroids plus ciclosporin and
60% in those treated with steroids plus cyclophosphamide. In
light of these data, the present study suggests that rituximab may
be as effective as these drugs in inducing remission with a better
safety profile. Furthermore, as previously suggested,[21] our data
indicate that rituximab may also be effective in extra-renal
manifestations of SLE and in reducing disease activity.
Our study’s limitations include the small number of patients in

and its retrospective nature, which introduces a risk of the
overrepresentation of successful cases and an overestimation of
rituximab monotherapy benefits.
In conclusion, although retrospective, this study is a first

attempt to assess the efficacy of rituximab monotherapy in pure
MLN associated with high-level proteinuria. This study
demonstrates the potential efficacy of rituximab in the manage-
ment of pureMLN by producing long-term proteinuria remission
and an excellent tolerance profile. Double-blind controlled trials
are now required to evaluate the benefit of rituximab as
monotherapy in pure MLN.
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