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Membranous nephropathy (MN) is the most common cause of primary nephrotic syndrome among

adults. The identification of phospholipase A2 receptor (PLA2R) as target antigen in most patients changed

the management of MN dramatically, and provided a rationale for B-cell depleting agents such as ritux-

imab. The efficacy of rituximab in inducing remission has been investigated in several studies, including 3

randomized controlled trials, in which complete and partial remission of proteinuria was achieved in

approximately two-thirds of treated patients. Due to its favorable safety profile, rituximab is now

considered a first-line treatment option for MN, especially in patients at moderate and high risk of dete-

rioration in kidney function. However, questions remain about how to best use rituximab, including the
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optimal dosing regimen, a potential need for maintenance therapy, and assessment of long-term safety

and efficacy outcomes. In this review, we provide an overview of the current literature and discuss both

strengths and limitations of “the new standard.”
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M
N is the most common cause of primary
nephrotic syndrome (NS) among adults world-

wide with a predominance in Caucasian and male in-
dividuals. Secondary causes like underlying
malignancies, infections, or autoimmune disorders ac-
count for approximately 20% of all MN cases.1 The
remaining 80% of cases are referred to as primary MN,
which is the focus of this review. The natural course of
MN is heterogeneous, implying that uniform treatment
for all patients is not appropriate. Without treatment,
approximately half of the patients attain spontaneous
remission over a period of 5 to 10 years, and the other
half sustain progressive loss of kidney function.2 Be-
sides kidney outcomes, several complications,
including venous thromboembolism and cardiovascular
events, have a significant impact on morbidity and
mortality of patients with MN and therefore need to be
considered in their disease management.3–5

Pathophysiology

Major progress in the pathogenetic understanding of
MN was achieved during the past decade when the M-
type PLA2R autoantibody was identified in 70% to
80% of patients.6 In another 3% to 5% of patients,
autoantibodies directed against thrombospondin type-1
domain-containing 7A can be identified.7 Recently,
neural epidermal growth factor-like 1 protein and
semaphorin 3b were also identified as potential auto-
antigens associated with MN.8,9 Although biopsy
samples in primary MN usually show a predominance
of IgG4 antibody deposition, IgG1 is the major IgG
subtype in both neural epidermal growth factor-like 1-
and semaphorin 3b-associated MN, possibly indicating
an underlying secondary disease cause in these cases.10

In fact, detection of neural epidermal growth factor-
like 1 was recently associated with concurrent malig-
nancy.11 The remaining cases may be either caused by
autoantibodies against yet unidentified antigens or
reflect misclassified secondary MN. A distinct group of
patients that shows an association with other autoim-
mune diseases may be related to accumulation of exo-
stosin in the glomerular basement membrane and
should rather be classified as secondary MN.12

Emerging evidence shows that PLA2R antibody (Ab)
titer correlates with disease activity.13 As a result,
novel serology-based algorithms have been proposed to
facilitate diagnosis and monitor treatment.13 Under
certain conditions, diagnosis may even be established
without histologic verification.14 In PLA2R-positive
patients, low Ab levels predict a higher likelihood of
spontaneous remission and changes of Ab titers pre-
cede changes in proteinuria by several months.14–16

This latency between immediate treatment-induced
immunologic remission and delayed clinical remission
is explained by a gradual resolution of subepithelial
immune deposits observed by repeated biopsy after
treatment.17 In addition, recurrence of Ab titers after
therapeutic response predicts clinical relapse. Hence,
Ab titer response to immunosuppressive therapy may
guide adaption of the therapeutic regimen to an indi-
vidual patient.13,16 Of note, several patients with
PLA2R-associated MN diagnosed on kidney biopsy do
(initially) not show positive PLA2R Ab on serologic
testing. However, after saturation of tissue PLA2R with
auto-Abs, seroconversion may be detected by serial
serological testing on follow-up. This may explain why
seroconversion can be missed in relapsing patients
when they first present with a rise in proteinuria.
Although an enhanced glomerular staining for the
PLA2R on kidney biopsy is strongly associated with
primary MN (and usually goes along with positive
serological testing), further diagnostic evaluation to
exclude secondary disease causes should be performed
in those patients with negative serological testing for
PLA2R Ab and only faintly positive histologic staining
for PLA2R and/or non-IgG4 Ab deposits.18

There is also debate whether the ability of Abs to
target multiple epitopes of the PLA2R (epitope
spreading) could be a poor prognostic marker,19 but
most recent data call this into question. In a prospective
cohort of 150 patients, detection of epitope spreading
was highly dependent on total PLA2R Ab levels, and
although total PLA2R Ab levels clearly predicted treat-
ment response and outcomes, epitope-recognition pat-
terns alone showed no prognostic impact.20

The recent major advances in understanding of MN
have clearly established that it is an autoantibody-
driven disease. Given the pivotal role of B cells in
producing pathogenic autoantibodies, there is a clear
rationale for B-cell depleting treatment modalities.
Kidney International Reports (2021) 6, 881–893
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Table 1. Criteria for risk assessment of progressive loss of kidney function
Low risk Moderate risk High risk Very high risk

eGFR Normal Normal <60 ml/min per
1.73 m2

Rapid deterioration

Proteinuria <3.5 g/d and/or serum albumin
>30 g/l

>4 g/d and no decrease >50% after 6 mo of
supportive therapy

>8 g/d for >6
months

Life-threatening nephrotic syndrome

PLA2R Aba <50 RU/ml >150 RU/ml

Low molecular weight
proteinuria

Mild High High (in 2 urine samples collected with interval of
6–12 mo)

Urinary IgG <250 mg/d >250 mg/d

Selectivity indexb <0.15 >0.20

eGFR, estimated glomerular filtration rate; PLA2R Ab, M-type phospholipase A2 receptor antibody.
aSerial measurement every 3 to 6 months should be performed, as changes of PLA2R Ab levels precede signs. Dynamics of PLA2R Ab levels therefore may be of additional value for risk
estimation.
bRatio of clearance of high molecular weight molecules (IgG, IgM, a2-macroglobulin) to that of albumin.78

Modified according to provisional Kidney Disease: Improving Global Outcomes guidelines (public review draft).22
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Immunosuppression in MN
General Measures and Risk Stratification

Supportive treatment, such as antihypertensive,
antiproteinuric, and dietary measures are pivotal for
all patients with proteinuric glomerular diseases.21

Additional anticoagulant measures are recommended
for most patients with severe hypoalbuminemia
during NS after individual risk assessment. As the
disease course of MN is highly variable and a sig-
nificant proportion of patients receiving supportive
measures only will have a favorable outcome, bene-
fits and harms of immunosuppressants must be
carefully weighed.2 Thus, initial risk stratification is
crucial to assess the individual risk of progressive
loss of kidney function. Such assessment can be
performed by using clinical criteria, as presented in
Table 1. In low-risk patients presenting without
clinical signs of NS and with preserved kidney
function, a “watch and wait” strategy is appropriate
for up to 6 months under maximal antiproteinuric
treatment. In contrast, immunomodulating treatment
may be initiated immediately in patients with severe
unresponsive NS or deteriorating kidney function.22

Immunosuppression

Given the detrimental effects of a prolonged treatment
with glucocorticoids, steroid-sparing immunosuppres-
sive agents have been used in the treatment of MN
since the 1970s with some success.23 To date, the
alkylating agents cyclophosphamide and chlorambucil
are the only drugs with proven efficacy to prevent end-
stage kidney disease and death.14 Therefore, a cyclical
therapy of corticosteroids and alkylating agents
(from here abbreviated to “a cyclical therapy”) was
recognized as the treatment of choice for decades
(“Ponticelli regimen”), consisting of a daily intravenous
application of 1 g methylprednisolone for 3 days,
followed by a daily oral dose of methylprednisolone
(0.5 mg/kg/d) for 27 days in the first month and oral
Kidney International Reports (2021) 6, 881–893
chlorambucil (0.15–0.2 mg/kg per day) or oral cyclo-
phosphamide (2.0 mg/kg per day) for 30 days in the
second month continued in alternating cycles over a
total of 6 months.24

Other immunosuppressive agents have been tested
only in trials that used proteinuria reduction as a sur-
rogate endpoint. Calcineurin inhibitors (CNIs) have
similar efficacy for remission induction as a cyclical
therapy with better short-term efficacy and safety, but
relapse rates after discontinuation are high (40%–50%)
for both, cyclosporin A and tacrolimus.25–28 High
relapse rates for cyclosporine A were recently
confirmed in the MENTOR trial, a randomized
controlled trial (RCT) comparing rituximab to cyclo-
sporine A in MN.29 In the recently published STAR-
MEN trial, a single-dose of 1 g rituximab after a 6-
month course of tacrolimus reduced the rate of re-
lapses to 12%, but overall efficacy of the combined
tacrolimus-rituximab regimen was lower as compared
with a cyclical therapy of methylprednisolone and
cyclophosphamide.30 These high relapse rates may be
explained by the direct action of CNI on the actin
cytoskeleton of podocytes, although they also have an
immunosuppressive effect to reduce PLA2R Ab
levels.31,32 CNI may be particularly useful either as a
supportive treatment option in low-risk patients or in
addition to the standard immunosuppressive treatment
for patients at very high risk so as to achieve early
remission.

Data supporting the use of mycophenolate mofetil in
MN are conflicting. Although mycophenolate mofetil
monotherapy appears to be ineffective,33 low-quality
evidence tested in 2 small cohorts of Asian and In-
dian patients supports a combination with steroids as
an alternative to a cyclical therapy.34,35 Adrenocorti-
cotrophic hormone monotherapy appeared to be a
therapeutic option after promising results in 1 small
RCT published in 2006.36 Following that, another
prospective open-label cohort study could not prove
883



Table 2. Strengths and limitations of rituximab in membranous
nephropathy

Pro Con

Efficacy Remission in two-thirds of treated
patients

Possibly lower CR rates compared
with a cyclical therapy

Low relapse rates

Application Simple dosing Frequent IRR

Long intervals ($6 mo) and in
PLA2R Ab-positive patients serologic
monitoring option for maintenance

treatment

Delicate scheduling due to persistent
B-cell depletion (e.g., during COVID-

19 pandemic)

Side effects Overall beneficial safety profile; low
rates of SAE

No long-term experience, late-onset
neutropenia

Long-term
sequelae

No increased malignancy risk, no
increase in cardiovascular mortality

Treatment-associated long-lasting
hypogammaglobulinemia

COVID-19, coronavirus disease 2019; CR, complete remission; IRR; infusion-related re-
actions; PLA2R Ab, M-type phospholipase A2 receptor antibody; SAE, severe adverse
events.
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any benefit of adrenocorticotrophic hormone over a
cyclical therapy.37 To date, the lack of evidence, asso-
ciated adverse events (e.g., hyperglycemia, edema, and
mood disorders), and high therapeutic costs preclude
widespread use.38,39

Side Effects

Although effective immunosuppressive treatment op-
tions for MN have been established, the preceding
therapeutic options have major disadvantages, limiting
their usefulness especially for patients at moderate risk
for progressive loss of kidney function.

In addition to an elevated infection risk, alkylating
agents are associated with potentially fatal toxic side
effects, including oncogenicity, urotoxicity, myelo-
toxicity, and infertility.40,41 Although mycophenolate
mofetil is mainly associated with gastrointestinal side
effects and myelotoxicity, CNIs exhibit a broad spec-
trum of side effects (e.g., arterial hypertension, dysli-
pidemia, glucose intolerance, and hirsutism) with CNI-
related nephrotoxicity as the most relevant treatment-
limiting factor.42 The concomitant use with glucocor-
ticoids is originally designated in all mentioned
immunosuppressive regimens, leading to a myriad of
side effects, including hyperglycemia, loss of bone
density, and an additional risk of infections.

Rituximab

Rituximab is a chimeric, monoclonal IgG1 antibody
that exerts its B-cell depleting effects via binding to
CD20. Rituximab is approved by the U.S. Food and
Drug Administration and the European Medicines
Agency for the treatment of non-Hodgkin lymphoma,
rheumatoid arthritis, and anti-neutrophil cytoplasmic
autoantibody–associated vasculitis, and used off-label
in an increasing spectrum of autoimmune diseases.43

Since the first experience of 8 patients with MN
treated with rituximab was reported in 2002 by
Remuzzi et al.,44 2 RCTs and several prospective and
884
retrospective studies have been published.29,45

Strengths and limitations of rituximab in MN are
summarized in Table 2.

Efficacy

An overview of currently available prospective
studies is given in Table 3. Several methodological
differences of these studies limit direct comparability,
including eligibility criteria (e.g., heterogeneous risk
groups and treatment of initial disease manifestation
vs. patients on relapse with prior treatment courses),
different treatment protocols, and inconsistent
criteria to define remission. Despite these marked
differences, overall remission rates (complete and
partial) of rituximab at 12 months are consistently
approximately 60% to 70%, ranging from 44%46 to
85%.47 Of note, a relevant portion of patients who
respond to rituximab remain proteinuric but achieve
partial remission (PR). Complete remission (CR) rates
vary between different studies and tend to increase
with longer follow-up periods. Consequently, 30% to
40% of all treated patients do not respond to initial
treatment with rituximab and might need additional/
other treatments.

In the GEMRITUX trial, rituximab combined with a
nonimmunosuppressive antiproteinuric treatment
(NIAT) was compared with NIAT alone. Rituximab-
treated patients received 2 infusions of 375 mg/m2 on
day 1 and 8. The primary outcome was reported at 6
months, with no significant difference in the combined
end point of CR or PR of proteinuria. However, in the
extended follow-up (median follow-up was 17 months),
a significant difference was reported, with remission
occurring in 64.9% in the NIAT-rituximab group but
in only 34.2% in the NIAT-alone group, respectively
(P < 0.01). In addition, rates of PLA2R Ab depletion in
the NIAT-rituximab and NIAT groups were 56.0% and
4.3% at month 3 (P < 0.001), respectively, and
multivariate analysis showed that a PLA2R Ab
titer <275 RU/ml at baseline was the only factor asso-
ciated with remission occurring at month 6.45 This
concurs with retrospective data from Ruggenenti
et al.,16 where immunologic response with PLA2R Ab
titer reduction preceded proteinuria reduction by
approximately 10 months. The recently published
MENTOR trial compared rituximab with cyclosporine
A in the treatment of MN. The primary composite
outcome of CR or PR at 24 months was reached by 60%
in the rituximab group and only 20% in the cyclo-
sporine A group; 35% of the rituximab-treated patients
and none of patients treated with cyclosporine A had
CR at 24 months.29 Notably, remission rates at 12
months were not significantly different (60% vs. 52%
in the rituximab and the cyclosporine A group,
Kidney International Reports (2021) 6, 881–893



Table 3. Overview of prospective rituximab trials in membranous nephropathy
First author,
(study) Year Design n RTX / Immunosuppression Mean FU, mo Complete D partial remission ratesa Complete remission rates % SAE [% infections]

Fervenza79 2008 Uncontrolled,
open-label pilot

trial

15 RTX (1 g day 1 & 15; þ 2nd course at 6 mo if proteinuric þ B-cell
recovery)

12 12 mo: 57% 12 mo: 14% No SAE

Segarra80 2009 Uncontrolled 13 RTX (4 wkly 375 mg/m2) in CNI-dependent patients � prior IS 30 30 mo: 100% (vs. 100% before RTX)b 12 mo: 31% No AE

Fervenza81 2010 Uncontrolled 20 RTX (4 wkly 375 mg/m2 þ second course at 6 mo regardless of
response)

24 12 mo: 50%
24 mo: 80%

At 12 mo: 0%
24 mo: 22%

No SAE

Busch82 2013 Uncontrolled 14 RTX (4 monthly 375 mg/m2) þ prior IS 36 (median;
range 1–6 y)

12 mo: 71% 12 mo: 21% 7% [7%, central venous catheter
infection]

Ruggenenti16,c 2015 Uncontrolled 132 RTX (4 wkly 375 mg/m2) � prior IS � RTX reapplication 30.8 (median,
6–145.4)

Overall: 64% Overall: 33% Not reported.

Roccatello83 2016 Uncontrolled 17 RTX (4 wkly 375 mg/m2) � RTX reapplication 36.3 (range
24–48)

6 mo: 65%
12 mo: >80%
Overall: 88%

6 mo: 41%
12 mo: > 45%
Overall: 82%

Not reported.

Fiorentino84 2016 Uncontrolled 38 RTX (4 wkly (n ¼ 36) or 2 wkly (n ¼ 2) 375 mg/m2) � prior IS 15 (median,
IQR 7.7–30.2)

Overall: 76% Overall: 40% No SAE

Waldman47 2016 Phase 2 pilot
study (single

arm)

13 RTX (1 g day 1 & 15) � reapplication þ CSA (6m þ 18m tapering) 41 (range 24–
56)

12 & 24 mo: 85% 12 & 24 mo: 54% 30% (5 episodes of late-onset
neutropenia in 3 patients)

Moroni46 2017 Uncontrolled,
observational

34 Low-dose RTX (single dose (n ¼ 18) or 2x (n ¼ 16) 375 mg/m2) �
prior IS

23.9 (þ/-
18.6)

12 & 24 mo: 44%
No difference between 1 or 2 doses of RTX

12 mo: 15% No SAE

Dahan
(GEMRITUX)45

2017 RCT 37
(vs.
38)

NIAT � RTX (2 wkly 375 mg/m2) 17 (median) 6 mo (primary end point): no difference
17 mo (post hoc): 64.9% (RTX) vs. 34.2%

(control), OR, 3.5; 95% CI, 1.7–9.2; P < 0.01)

17 mo (post hoc): 19%
(RTX) vs. 0% (control)

22% (RTX) vs. 21% (control)
[3% (prostatitis; RTX) vs. 0%]

Fervenza
(MENTOR)29

2019 RCT 65
(vs.
65)

RTX (1 g day 1 & 15) � RTX reapplication vs. CSA 24 RTX vs. CSA
12 mo: 60% vs. 52%

24 mo: 60% vs. 20% (risk difference, 40 PP, 95%
CI, 25–55; P > 0.001)

24 mo: 35% vs. 0% RTX vs. CSA
17% vs. 31% [6% vs. 12%]

Fernández-
Juárez
(STARMEN)30

2020 RCT 43
(vs.
43)

Oral TAC for 6 mo (þ 3-mo tapering) þ RTX (1 g single-dose) at
month 6 vs. MP (months 1, 3, 5) and CYC (months 2, 4, 6)

24 TAC-RTX vs. MP-CYC
24 mo: 58% vs. 84%

24 mo: 26% vs. 60% TAC-RTX vs. MP-CYC
14% vs. 19%

AE, adverse event; CI, confidence interval; CNI, calcineurin inhibitors; CSA, cyclosporine A; CYC, cyclophosphamide; FU, follow-up; IQR, interquartile range; IRR, infusion-related reaction; IS, immunosuppression; MP, methylprednisolone; NIAT,
nonimmunosuppressive antiproteinuric treatment; OR, odds ratio; PP percentage points; RCT, randomized controlled trial; RTX, rituximab; SAE, serious adverse events; TAC, tacrolimus.
aVarying definitions for remission in the listed studies (e.g., proteinuria cutoff for partial remission <3 g [e.g., Fervenza et al.79] or 3.5 g [e.g., Refs.29,45,46,81,82] per g creatinine or 24 h) limit direct comparability.
bAll patients were in remission before receiving RTX; proteinuria decreased from 2.5 � 0.76 at baseline to 0.85 � 0.17 at 6 months (P ¼ 0.0003); CNI and other IS could be withdrawn in all patients; glomerular filtration rate increased significantly (from
95.4 � 11 to 110 � 13 at month 6; mean percent increase of 15.3%); 3 of 13 patients suffered relapse and received a second course of RTX (titrated to B-cell depletion); proteinuria cutoffs for remission were not defined in this study.
cPrior prospective studies from the center Bergamo (Italy)44,53,85,86 likely report overlapping cases and thus are not listed separately in the table.
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respectively). Discontinuation of cyclosporine A after
12 months led to an increased relapse rate, which ex-
plains the difference seen at 24 months.48 Rituximab
therapy has both better adherence and, by inducing
longer-lasting remission, is overall more cost-
effective.29

Nonimmunosuppressive effects of CNI give a ratio-
nale for combination with rituximab. Waldman et al.47

tested a combination of CNI with rituximab, which
might accelerate time to remission and improve overall
remission rates. Recently the authors showed superior
CR rates at 24 months in a small cohort of 21 patients
treated with a combination of rituximab plus cyclo-
sporine A (57% CR) compared with those of the
MENTOR trial (35% in the rituximab group, 14% in
the cyclosporine A group).49 The recently published
STARMEN RCT compared a 6-month induction course
with tacrolimus (followed by tapering over another 3
months) in combination with a 1-g single dose of rit-
uximab at month 6 with a cyclical therapy of methyl-
prednisolone and cyclophosphamide over 6 months. At
24 months, the cyclical therapy proved to be superior
(CRþPR 84%, CR 60%) to the sequential treatment
with tacrolimus and rituximab (CRþPR 58%, CR 26%).
Although a sequential application of 1 g rituximab may
lower the relapse rate after cessation of CNI, no sig-
nificant impact on the remission rate was observed.30

Conversely, addition of tacrolimus does not increase
efficacy compared with recent trials of rituximab only
but might reduce the cumulative rituximab dose.

Although reported efficacy of rituximab appears
similar to the classical cyclical therapy, STARMEN is
the only trial published to date to compare a rituximab-
based regimen with the conventional cyclical regimen.
Comparing major RCTs from the past, rituximab out-
comes may be favorable50; however, such comparison
with trials conducted in a different decade is biased
and bears major limitations. For instance, standards of
good clinical practice and optimal supportive treatment
measures expected for the control arm of such trials
were implemented after the publication of historical
RCTs of cyclical therapies. One large retrospective
observational cohort study analyzed outcomes of 100
rituximab-treated patients compared with 103 patients
who received steroids plus cyclophosphamide.41 Over a
median follow-up of 40 months, cumulative incidence
of PR was lower in the rituximab group, whereas rates
for CR and a composite end point of doubling of serum
creatinine, end-stage kidney disease, or death did not
differ significantly. Rates of both serious and nonse-
rious adverse events were significantly lower among
rituximab-treated patients. Importantly, cyclophos-
phamide and steroids were given continuously for 6 to
12 months and not in a cyclical manner as used in the
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Ponticelli regimen, with a cumulative period of 3
months each. A recent meta-analysis of 8 trials
involving 542 patients even showed positive effects of
rituximab on CR rates compared with the heterogenous
control groups (including supportive treatment, CSA,
and cyclical treatment).51 Van den Logt et al.52

compared the chance to achieve immunological remis-
sion (disappearance of PLA2R Ab) 6 months after
treatment with either cyclophosphamide (1.5 mg/kg
per day for 8–24 weeks) or rituximab (cumulative dose
1.5–2.0 g). Rituximab, in comparison with cyclophos-
phamide, was less effective in patients with high
baseline Ab levels >152 RU/ml. Nonetheless, evidence
from the RI-CYCLO trial (NCT03018535) will be avail-
able soon. This RCT compares 2 doses of rituximab (1 g
each) with a cyclical therapy, and preliminary, un-
published results indicate comparable remission rates
at 24 months.

Taken together, solid evidence is available sup-
porting the use of rituximab as induction treatment,
achieving remission in approximately two-thirds of all
patients without the need of concomitant corticosteroid
therapy. A preceded course of CNI does not improve
efficacy of rituximab in inducing remission, although
direct comparison between rituximab only with a
classical cyclical therapy is still missing.

Dosing

Initial Treatment. Different application regimens,
ranging from 1 single dose of 375 mg/m2 to 4 weekly
doses of 375 mg/m2 repeated after 6 months, were used
across various studies, as illustrated in Figure 1. The
recently updated Kidney Disease: Improving Global
Outcomes (KDIGO) guideline (public review draft) on
glomerular diseases offers a wide scope of options and
recommends either 2 applications of 1 g fixed dose
within 2 weeks, as used for rheumatoid arthritis, or 375
mg/m2 given 1 to 4 times at weekly intervals as another
first-line option for the initial treatment of patients at
moderate or high risk for disease progression, whereas
a cyclical therapy is still the treatment of choice for
patients at very high risk.22 Clinical criteria for risk
stratification are presented in Table 1.

There is ongoing debate whether lower doses of
rituximab are safer and more cost-effective with
equivalent efficacy. A low-dose, B-cell–driven protocol
using only a single-dose of 375 mg/m2 with reap-
plication in case of insufficient B-cell depletion was
tested in a prospective, matched cohort study and
compared with a historical cohort treated with the
standard protocol of 4 weekly doses of 375 mg/m2. Of
12 patients treated with the low-dose protocol, only 1
needed a second dose to achieve complete B-cell
depletion, and remission rates were identical in both
Kidney International Reports (2021) 6, 881–893
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groups after 12 months. Although the safety profile
was beneficial in both groups, costs (both for rituximab
and hospitalizations) could be reduced dramatically.53

In contrast, a recent retrospective analysis of patients
with MN compared a higher-dose protocol of 2 in-
fusions of 1 g rituximab 2 weeks apart (the Nice pro-
tocol) with patients receiving 2 times 375 mg/m2 1
week apart in the GEMRITUX trial. The Nice protocol
was shown to be more effective, achieving higher
remission rates at 6 months (64% vs. 30%, P ¼ 0.01), a
shorter median time to remission (3 months vs. 9
months, P ¼ 0.01), a higher circulating level of ritux-
imab (3.3 mg/l vs. 0.0 mg/l, P < 0.001), and lower CD19
counts (0.0 vs. 16.5, P < 0.001) at month 3, as well as
lower levels of PLA2R Ab at month 6 (0.0 vs. 8.3, P ¼
0.03), respectively.19 Similarly, Moroni et al.46 showed
in a multicentric prospective cohort of 34 consecutive
patients that a low-dose protocol of 375 mg/m2 ritux-
imab administered once (18 patients) or twice (16 pa-
tients) only achieved poor remission rates in <50% of
patients at 12 and 24 months. Full B-cell depletion was
observed in all patients within 2 weeks after first rit-
uximab infusion, but assessment of both B-cell levels
and PLA2R Ab titers is missing during follow-up,
which hinders direct comparison between the 2 regi-
mens.54 In addition, patients with high PLA2R Ab ti-
ters at baseline had a lower response rate and thus
might have benefited from a higher dose of ritux-
imab.46 Recently, a retrospective case-control study
compared 42 patients assigned to a low-dose rituximab
protocol (375 mg/m2 single-dose, n ¼ 14), a standard
rituximab protocol (4x 375 mg/m2 weekly, n ¼ 14), or a
control group treated with a cyclical therapy (Ponticelli
regimen, n ¼ 14). At 24 months, no significant differ-
ences in clinical response criteria were found (P ¼
0.53). All patients treated with rituximab showed
complete B-cell depletion at month 1 but B-cell recov-
ery occurred earlier in the low-dose group (between
month 3 and 6) compared with the standard group
(between month 9 and 12). No relapses occurred within
24 months of follow-up.55 Importantly, intergroup
comparison between rituximab and the Ponticelli
regimen is limited, as the latter group is a historic
cohort, and although all rituximab-treated patients
were PLA2R-positive, respective testing was not
available for the control group. Also, baseline PLA2R
Ab titers in the 2 rituximab groups are not provided.
Thus, the excellent response of the low-dose group
may have been due to a lower immunologic activity at
baseline.

Subsequent Dosing. Although B-cell depletion is
almost always achieved immediately after the first rit-
uximab dose, immunological and especially clinical
Kidney International Reports (2021) 6, 881–893
response occur mostly several months later and may
persist even with fully recovered B-cell counts. Rit-
uximab serum levels on follow-up are lower in patients
with MN as compared with patient populations
without kidney diseases, which might be related to
urinary loss of rituximab due to NS.56 This appears to
have clinical impact, as undetectable drug levels at
month 3 were associated with active disease, early B-
cell recovery, and “resistance” to rituximab.57 For pa-
tients with PLA2R-associated MN, immunological
monitoring appears to be a reasonable approach to
guide rituximab therapy.16 KDIGO 2020 guidelines
(public review draft) recommend PLA2R Ab moni-
toring at months 3 and 6, and redosing of patients with
persisting or rising titers.22 For PLA2R-negative pa-
tients, no such guidance is possible and redosing must
be managed by clinical response. Many patients relapse
at certain time points following the last rituximab dose,
accompanied by recovery of B cells as the drug effect
wanes. Because these relapses are frequently seen in
patients with only low PLA2R Ab levels, the question
arises whether immunosuppressive maintenance stra-
tegies could be useful. Reapplication at fixed intervals
comparable to the maintenance therapy in anti-
neutrophil cytoplasmic autoantibody–associated
vasculitis is one possible approach which should be
addressed by future studies and compared with the
current treatment strategies.58

Safety

Infusion-related reactions are frequently observed but
are mostly mild in nature and manageable if infusion
speed is adjusted.59,60 Hepatitis B screening is advised
because virus reactivation may occur, both in HBsAg-
positive as well as in HBsAg-negative and anti-HBc–
positive patients.61 Progressive multifocal leukoence-
phalopathy due to reactivation of John Cunningham
virus is a rare but fatal complication associated with
rituximab treatment, mainly reported in oncologic in-
dications and seldomly described in autoimmune dis-
eases.62 Late-onset neutropenia is another feature
reported in MN following rituximab, which might be
underestimated. A recently published single-center
retrospective cohort study of 738 patients with auto-
immune diseases treated with rituximab reported a
cumulative incidence of late-onset neutropenia of 6.6%
at 1 year. Total rates were higher in patients with lupus
nephritis (25%) compared with patients with MN
(8.2%) or other diseases (7.6%).63 Hypogammaglobu-
linemia can be either disease-related or a consequence
of rituximab, but further discussions on that point are
beyond the scope of this review. The risk of infectious
complications depends on the indication for rituximab
887



Figure 1. Overview of different dosing regimens used in clinical trials (blue boxes) and a potential algorithm for subsequent dosing as rec-
ommended by current Kidney Disease : Improving Global Outcomes guidelines (green boxes).
CYC, cyclophosphamide; PLA2R Ab, M-type phospholipase A2 receptor antibody; PR, partial remission.
* In « high-dose regimens » using a second course of the initial rituximab dosing after 6 months, KDIGO recommendations for subsequent
dosing in the first 6 months are not applicable (gray arrows). Nonetheless, subsequent dosing may be guided similarly thereafter.
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treatment. Comparatively high rates of up to 26 serious
infections per 100 patient-years are reported in anti-
neutrophil cytoplasmic autoantibody–associated
vasculitis,64 whereas lower rates of 4.3 and 5.3
serious infections per 100 patient-years were reported
in large cohorts for rheumatoid arthritis and mixed
autoimmune disorders, respectively.59,65 Currently
available evidence concerning safety of rituximab in
MN is limited, and the quality of evidence derived
from the 2 available RCTs is considered low by the
recently published KDIGO guidelines. No studies are
available comparing the infection risk of rituximab
with that of supportive treatment.22 In the recently
published MENTOR trial, the overall number of severe
infectious events per 100 patients was 7.7 for rituximab
and 12.3 for cyclosporine A (P ¼ 0.23).29 In this trial,
cyclosporine A was not combined with steroids, unlike
previous studies using cyclosporine A in MN.28 In the
STARMEN trial, severe adverse events were not
significantly higher in patients treated with a cyclical
therapy compared with tacrolimus-rituximab (17 vs. 12
events per 100 patient-years) but 4 of 5 severe in-
fections occurred in the methylprednisolone-
cyclophosphamide group.30 Van den Brand et al.41

compared adverse events as the primary outcome
among 100 rituximab-treated and 103 patients treated
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with a cyclical therapy. Adverse events were less
frequent in the rituximab group than in the cyclical
therapy group (63 vs. 173; P < 0.001). No infections
attributed to the treatment were observed in the rit-
uximab group, whereas 11 serious infections occurred
in the cyclical therapy group, including 3 fatal cases of
sepsis. Besides infectious complications, 3 blood ma-
lignancies and 5 solid cancers (2 of them fatal) were
observed and possibly related to the combined therapy
of an alkylating agent (cyclophosphamide or chlor-
ambucil) with corticosteroids during a period of 40
months of follow-up of patients with MN. In compar-
ison, 2 solid cancers were observed in the rituximab
group and assessed as unrelated to treatment by phy-
sicians directly overseeing the care of these patients.41

Experience of rituximab for anti-neutrophil cyto-
plasmic autoantibody–associated vasculitis showed a
comparable malignancy risk with the general
population.66

Treatment Options for Patients With Reduced Kidney

Function

Progressive loss of kidney function with an estimated
glomerular filtration rate (eGFR) <30 ml/min per 1.73
m2 is associated with scarring of the kidney and a
diminished response to immunosuppressive treatment.
Kidney International Reports (2021) 6, 881–893
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Consequently, these patients are rarely included in
clinical trials, and risk-benefit assessment usually re-
sults in withholding immunosuppressants. Considering
the lack of data, it remains unknown which patients
with reduced kidney function may benefit from
immunosuppression. In fact, certain findings on kidney
biopsy, such as tubular atrophy and interstitial
fibrosis, were associated with poor kidney response in a
small cohort of 14 patients with MN treated with rit-
uximab and a tubulointerstitial score was proposed to
discriminate patients who might benefit from initiation
of rituximab.67

One RCT compared a cyclical treatment of steroids
and chlorambucil with cyclosporine A and supportive
therapy alone in 108 patients with deteriorating kidney
function and mean creatinine clearance at baseline of 50
ml/min. Although a cyclical therapy could significantly
reduce the risk of further 20% decline in kidney
function, this therapy was associated with a high rate
of serious adverse events, compared with patients who
received cyclosporine A or supportive therapy alone
(61%, 49%, and 42% of patients with at least 1 severe
adverse event, respectively).68

In a small retrospective cohort of 28 rituximab-
treated patients, univariate analysis showed reduced
eGFR <45 ml/min per 1.73 m2 predicting lack of
response to rituximab as an independent factor.69 In
contrast, Hanset et al.70 recently reported outcomes of
13 rituximab-treated patients with PLA2R-associated
MN and advanced chronic kidney disease (chronic
kidney disease stage 4–5). Patients received either 2
weekly infusions of 375 mg/m2 or 2 doses of 1 g 2
weeks apart. Outcomes were quite variable, with 9
patients achieving response, whereas 4 patients pro-
gressed to end-stage kidney disease within 1 year.
Overall mean eGFR rose from 18 � 7 to 23 � 13 ml/min
per 1.73 m2, and proteinuria decreased from 13 � 7 to
0.8 � 8 g/d. Four severe adverse events (3 infections, 1
infusion-related reactions) were reported in 3 patients.
In these patients, a high urine albumin/protein ratio
and low urine IgG levels at baseline were predictive
factors for kidney response.70

Beyond Rituximab: Options for Refractory Patients

Although rituximab appears to be an attractive first-
line treatment option for patients with MN due to its
favorable efficacy and safety profile, a nonresponse rate
of approximately 30% to 40% means there is a need for
other therapies. Diagnosis of refractory disease can be
made if NS persists for at least 6 months after antibody
disappearance or if proteinuria persists or increases in
the presence of detectable antibody levels.22 If PLA2R
Ab titers remain high after a first course of rituximab,
retreatment with rituximab may be effective, as
Kidney International Reports (2021) 6, 881–893
observed in a small cohort of 10 patients with elevated
PLA2R Ab titers >152 RU/ml at 6 months following the
first rituximab course.71 If true rituximab resistance is
present, current KDIGO guidelines (public review draft)
recommend addition of CNI if eGFR remains stable or
switch to cyclophosphamide if eGFR is decreasing.22

After a first course of rituximab, neutralizing anti-
rituximab Ab may be for the cause of refractory or
relapsing disease. However, a second course of ritux-
imab may achieve remission even in the setting of
resistant disease and presence of anti-rituximab Ab af-
ter a first course.72 In a study of 42 patients treated with
2 doses of 1 g 2 weeks apart, anti-rituximab Abs were
detectable in 10 patients. Anti-rituximab Ab neutral-
ized rituximab in the serum in 8 of 10 patients and were
associated with a higher rate of relapses (P < 0.001).
Three resistant patients were treated with ofatumumab,
a fully humanized anti-CD20 antibody, and all achieved
remission. Alternative B-cell depleting agents, such as
ofatumumab or type II anti-CD20 Ab obinutuzumab,
may prove to be a safe and effective rescue therapy for
patients either refractory or sensitized against ritux-
imab, but available evidence is limited to single case
reports/series.73,74 A recently published prospective,
open-label trial investigated belimumab, a monoclonal
Ab inhibiting B-cell production/stimulation, in a cohort
of 14 patients.75 Remission was achieved in 1 (CR) and 8
(PR) patients of 11 patients who completed a rather
short follow-up period of 28 weeks. Synergistic effects
of a sequential combination of rituximab with belimu-
mab were first described in patients with systemic
lupus erythematosus and will be subject of another trial
(currently recruiting) in patients with MN
(NCT03949855).76 Targeting plasma cells is another
approach that is currently tested in an ongoing RCT
with MOR202, a human anti-CD38 antibody
(NCT04145440). Promising remission rates were re-
ported for a combination of rituximab with lower doses
of cyclophosphamide and steroids, tested in a case series
of 15 consecutive patients, of whom 8 had refractory or
relapsing disease.77 Whether this potent but more toxic
regimen is a true option for patients with refractory
disease needs to be tested in larger cohorts.

Conclusion

As recommended by the currently updated KDIGO
guideline for glomerular diseases, rituximab is a
promising new first-line treatment option for patients
with primary MN. Although a classical cyclical therapy
consisting of alkylating agents and corticosteroids is
still recommended for a certain subset of patients at
very high risk for progressive kidney disease, ritux-
imab might be the treatment of choice for most patients
at moderate and high risk. Nonetheless, important
889
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questions, such as long-term efficacy and safety, the
optimal dosing regimen, and application-timing or
strategies for patients with advanced chronic kidney
disease or MN refractory to rituximab still remain
unanswered. For now, it appears reasonable that
treatment with rituximab is adapted individually to
each patient’s disease course. Monitoring disease ac-
tivity by serial measurement of PLA2R Ab levels may
allow such tailored long-term treatment and low-dose
protocols with titrated rituximab applications accord-
ing to B-cell counts and PLA2R Ab levels may be
appropriate in selected scenarios to reduce side effects
and costs. Although a sequential induction strategy of
tacrolimus followed by a rituximab single-dose appears
inferior to a cyclical therapy of steroids and alkylating
agents, direct comparison between rituximab alone and
the cyclical therapy is still based on contraposition of
rituximab with historical cohorts and thus afflicted by
severe limitations. Results by the ongoing RI-CYCLO
trial may provide answers to this critical question
helping to find the optimal treatment modality for
selected patients. Meanwhile RITERM, a multicenter,
international retrospective study, will address several
central issues in a large cohort.
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