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Abstract
Purpose of Review: Rituximab is increasingly prescribed for glomerular diseases. However, the recently published Kidney 
Disease Improving Global Outcomes (KDIGO) 2021 Clinical Practice Guideline for the Management of Glomerular Diseases 
lacks details on recommended dosing regimens for most individual glomerular diseases. We performed this scoping review 
summarizing the evidence for rituximab dosing in glomerular disease.
Sources of Information: PubMed database.
Methods: The PubMed search methodology was developed with a medical librarian and performed by the first, with 
review by a second, author. Randomized controlled trials (RCTs) and prospective cohort studies (PCSs) examining rituximab 
efficacy and/or safety in antineutrophil cytoplasm antibody (ANCA)-associated vasculitis (AAV), membranous nephropathy 
(MN), lupus nephritis (LN), or podocytopathies (minimal change disease or focal segmental glomerulosclerosis [FSGS]) were 
included. Fifty-three studies (14 RCTs and 39 PCSs) were included.
Key Findings: We identified 16 different rituximab dosing regimens studied as induction therapy for one or more of the 5 
glomerular diseases of interest. The most frequently studied rituximab induction regimens were 1000 mg as 2 doses 2 weeks 
apart (17 studies, 32%) and 4 doses of 375 mg/m2/week (18 studies, 33.9%). Twenty-six studies (49%) examined rituximab 
as monotherapy or in conjunction with corticosteroids alone, while the remaining studies examined rituximab as part 
of combination immunosuppression. Adapting treatment to achieve B-cell depletion, with frequent evaluation of disease-
specific biomarkers, might prove the optimal approach to achieving and maintaining remission. Rituximab might also enable 
steroid minimization or avoidance.
Limitations: Restriction of the search to a single database and to studies published in the English language, and with an 
accompanying abstract, could have led to selection bias. While the search was limited to prospective observational studies 
and RCTs, no formal assessment of study quality was performed.

Abrégé 
Motif de la revue: Le rituximab est de plus en plus prescrit pour traiter les maladies glomérulaires. Les lignes directrices de 
pratique clinique 2021 pour la prise en charge des maladies glomérulaires, publiées récemment par KDIGO, ne contiennent 
cependant aucun détail sur les schémas posologiques recommandés pour la plupart des maladies glomérulaires. Cette étude 
de portée résume les données concernant l’administration de rituximab pour le traitement des maladies glomérulaires.
Sources: Base de données PubMed
Méthodologie: La méthodologie de recherche PubMed a été élaborée avec un bibliothécaire médical, réalisée par le 
premier auteur et révisée par le deuxième auteur. Ont été inclus des essais contrôlés randomisés (ECR) et des études de 
cohortes prospectives (ÉCP) portant sur l’efficacité et/ou l’innocuité du rituximab dans le traitement des vascularites associés 
aux ANCA (VAA), de la néphropathie membraneuse (NM), de la néphrite lupique (NL) ou des podocytopathies (maladie à 
changement minimal ou hyalinose segmentaire et focale (HSF). Cinquante-trois études (14 ECR et 39 ÉCP) ont été incluses.
Principaux résultats: Nous avons répertorié 16 différents schémas posologiques de rituximab étudiés comme traitement 
d’induction pour une ou plusieurs des cinq maladies glomérulaires d’intérêt. Les traitements d’induction avec rituximab les 
plus fréquemment étudiés étaient l’administration de 1 000 mg à raison de deux doses à deux semaines d’intervalle (17 
études; 32 %) et de quatre doses de 375 mg/m2/semaine (18 études; 33,9 %). Vingt-six études (49 %) avaient examiné le 
rituximab en monothérapie ou en association avec des corticostéroïdes seuls; les autres études avaient examiné le rituximab 
dans le cadre d’un traitement immunosuppresseur combiné. Adapter le traitement pour atteindre l’épuisement des cellules 
B, avec évaluation fréquente des biomarqueurs spécifiques de la maladie, pourrait s’avérer l’approche optimale pour atteindre 
et maintenir la rémission. Le rituximab pourrait également permettre de minimiser ou d’éviter les stéroïdes.
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Limites: La restriction de la recherche à une seule base de données et à des études publiées en anglais accompagnées 
d’un résumé pourrait avoir entraîné un biais de sélection. Bien que la recherche se limitait aux études observationnelles 
prospectives et aux ECR, aucune évaluation formelle de la qualité des études n’a été effectuée.
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Introduction

Rituximab is a chimeric murine/human monoclonal antibody 
targeted against the pan-B-cell marker CD20.1 Its use is 
approved by the United States Food and Drug Administration 
for the treatment of indolent B-cell non-Hodgkin’s lym-
phoma (NHL), chronic lymphocytic leukemia (CLL), rheu-
matoid arthritis (RA), and antineutrophil cytoplasm antibody 
(ANCA)-associated vasculitis (AAV).2 There is also mount-
ing evidence for its use in the treatment of other glomerular 
kidney diseases, as reflected in the Kidney Disease Improving 
Global Outcomes (KDIGO) 2021 Clinical Practice Guideline 
for the Management of Glomerular Diseases.3

Rituximab is typically well tolerated and has an accept-
able safety profile. Infusion reactions and infections are the 

most frequent short-term adverse effects.4 However, longer-
term safety concerns are emerging: prolonged use has been 
associated with hypogammaglobulinaemia and neutropenia, 
and a black box warning highlights the risk for hepatitis B 
reactivation and the rare complication of progressive multi-
focal leukoencephalopathy. Malignancy risk does not appear 
to be significantly increased.

Patients with impaired kidney function frequently require 
medication dose adjustments, due to impaired renal drug 
clearance and/or more frequent reported adverse events.5 
Patients with glomerular diseases as a cause of kidney dis-
ease might also require adjunct therapies to achieve disease 
control, which introduce additional toxicity risk.3 
Determining the optimal dose of Rituximab in glomerular 
disease should consider not only the dose required to induce 
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and maintain remission but should also minimize risk for 
development of treatment-emergent side effects. However, 
the optimal dose and frequency of administration of ritux-
imab for the treatment of specific glomerular disease sub-
types have not been established. To fill this knowledge gap, 
this scoping review aims to summarize rituximab dosing 
regimens studied for the treatment of glomerular disease in 
an effort to guide safe and effective prescribing in this 
setting.

Methods

Data Source and Search Strategy

One author (H.A.) independently searched the PubMed data-
base after developing a search methodology with a medical 
librarian. Selected articles were reviewed for relevance and 
data extraction in conjunction with a second author (K.S.). 
Search terms (Table 1) included more common glomerular 
disease subtypes for which rituximab is prescribed AND ran-
domized controlled trials (RCTs) OR prospective cohort 
studies (PCSs) examining rituximab efficacy or safety. 
Results were limited to the English language, from inception 
to December 2021.

Study Selection

All RCTs and PCSs including adults (≥18 years) receiving 
rituximab as an experimental drug for the treatment of one or 
more of the following glomerular diseases were included: 
AAV, primary membranous nephropathy (MN), lupus nephri-
tis (LN), minimal change disease (MCD), or focal segmental 
glomerulosclerosis (FSGS). We excluded studies in lan-
guages other than English and those lacking a freely avail-
able abstract in PubMed, by setting English language and 
abstract filters. Following manual review of study titles and 
abstracts, we excluded systematic reviews, review articles, 
retrospective studies, case series, case reports, and studies 

not detailing rituximab dosing. We also excluded studies 
with less than 10 participants and those that failed to report 
clinically meaningful outcomes (remission, relapse, patient 
or kidney survival). Studies examining rituximab use for sys-
temic lupus erythematosus were included only if there were 
at least 10 adult participants with LN who received ritux-
imab. Cited references from any identified systematic review 
articles were manually reviewed to identify additional poten-
tially eligible studies.

Data Extraction and Analysis

The following study characteristics were extracted by the 
first author (H.A.) and confirmed by a second author (K.S.): 
first author, year of publication, country, study aim, study 
design, number of adult subjects, clinical characteristics 
(glomerular disease subtype, sex, age), rituximab indication 
and dose, concomitant immunosuppressive therapy, follow-
up duration, outcome definitions (complete and partial 
remission, relapse), and primary outcome and adverse event 
findings. Data interpretation discrepancies were resolved by 
consensus discussion. All data were stored in Microsoft 
Excel, which was also used to generate descriptive summary 
statistics, tables, and graphs.

Results

Study Characteristics

After removal of duplicates and manuscripts lacking an 
abstract or not in English, our initial search strategy returned 
3515 results. Manual screening of the titles and abstracts of 
these manuscripts resulted in 354 full-text articles selected for 
further review for potential eligibility (Figure 1). Fifty-three of 
these studies were ultimately included in this review: 14 RCTs 
and 39 PCSs (Tables 2-6). Forty-seven studies evaluated ritux-
imab as an induction treatment, 2 as a maintenance treatment, 
and 4 as both an induction and maintenance treatment. The 

Table 1.  Summary of Search Terms Used for Literature Review (See Search Strategy as Footnote).

Section Search term

Rituximab “Rituximab,” “RTX,” “b-cell depletion,” “Anti-CD20”
ANCA vasculitis “ANCA,” “ANCA associated vasculitis,” “vasculitis” “MPO,” “PR3,” “anti-MPO,” “anti-PR3”
Membranous nephropathy “nephrotic syndrome,” “Membranous Nephropathy,” “Membranous,” “MN,” “membranous 

glomerulonephritis,” “MGN,”
Minimal change disease “nephrotic syndrome,” “Minimal change disease,” “minimal change,” “MCD,” “steroid 

resistant,” “steroid responsive”
Focal segmental glomerulosclerosis “nephrotic syndrome,” “Focal Segmental Glomerulosclerosis,” “FSGS,” “steroid resistant,” 

“steroid responsive”
Lupus nephritis “Lupus,” “Lupus Nephritis,” “SLE”

Note. Search strategy: (“Rituximab,” OR “RTX,” OR “b-cell depletion,” OR “Anti-CD20”) AND (“ANCA,” OR “ANCA associated vasculitis,” OR 
“vasculitis” OR “MPO,” OR “PR3,” OR “anti-MPO,” OR “anti-PR3”) OR (“nephrotic syndrome,” OR “Membranous Nephropathy,” OR “Membranous,” 
OR “MN,” OR “membranous glomerulonephritis,” OR “MGN”) OR (“Minimal change disease,” OR “minimal change,” OR “MCD”) OR (“Focal Segmental 
Glomerulosclerosis,” OR “FSGS,” OR “steroid resistant,” OR “steroid responsive”) OR (“Lupus,” OR “Lupus Nephritis,” OR “SLE”); Filters: Abstract, 
English.
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studies included 2972 adult participants: 1215 (40.8%) with 
AAV, 856 (28.8%) with primary MN, 661 (22.2%) with LN, 
and 240 (8%) with MCD or FSGS. The most frequently 

studied rituximab induction regimens were 1000 mg as 2 
doses 2 weeks apart (17 studies, 32%) and 4 doses of 375 mg/
m2/week (18 studies, 33.9%). Twenty-six studies (49%) 

Figure 1.  Flow diagram of study identification and selection.
Note. RCT = randomized controlled trials; PCS = prospective cohort studies.
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examined rituximab as monotherapy or in conjunction with 
steroids alone, while the remaining studies examined ritux-
imab as part of combination immunosuppression.

Rituximab Dosing for Glomerular Diseases:

Antineutrophil cytoplasmic antibody (ANCA) associated vasculitis 
(AAV).  We identified 12 studies (6 RCTs and 6 PCSs) evaluat-
ing the use of rituximab in AAV (Table 2). Studied regimens 
for induction therapy included 4 doses of 375 mg/m2/week (3 
RCTs and 2 PCSs);6-8,13,14 1000 mg as 2 doses 2 weeks apart (2 
PCSs)9,12; and one dose of 375 mg/m2 (1 PCS)10 (Figure 2). 
One PCS allowed either of 2 dosing regimens based on physi-
cian preference: 1000 mg as 2 doses 2 weeks apart (101 
patients) or 4 doses of 375 mg/m2/week (15 patients).11

The rituximab dosing regimen most frequently studied for 
maintenance therapy in AAV was 500 mg every 6 months for 
a total of 4 doses (2 RCTs).15,16 One RCT evaluated a tailored 
approach: the control group received 500 mg on days 0 and 
14 and at months 6, 12, and 18, while the experimental group 
received identical treatment at baseline and thereafter based 
on trends in ANCA and CD19+ B lymphocyte counts mea-
sured every 3 months.17

No head-to-head studies comparing the efficacy and/or 
safety of different rituximab dosing regimens for induction of 

remission in AAV were identified. One study17 compared 
individually tailored to fixed-schedule rituximab for mainte-
nance of remission in AAV and found no significant differ-
ence in relapse rate (14/81 [17.3%] vs 8/81 [9.9%], P = 0.22).

Key findings from each of the individual studies we iden-
tified are summarized in Table 2 but—due to differences in 
study populations, concomitant treatments, outcome defini-
tions, and follow-up durations—these data are insufficient to 
allow definitive conclusions regarding an optimal dosing 
regimen to be drawn.

Membranous nephropathy.  We identified 17 studies (4 RCTs 
and 13 PCSs) evaluating the use of rituximab in primary MN 
(Table 3). Studied regimens for induction therapy in MN 
were highly variable (Figure 2): 1 or 2 (RCT),18 or 2 (PCS),31 
weekly doses of 375 mg/m2/week; 4 weekly doses of 375 
mg/m2/week (2 PCS)27,30 that could be repeated after 6 
months (1 PCS)24; 4 monthly doses of 375 mg/m2/month (1 
PCS)28; 4 weekly doses of 375 mg/m2/week or based on 
B-cell count (2 PCS);22,32 or 1000 mg as 2 doses 2 weeks 
apart (1 RCT and 1 PCS)20,33 that could be followed after 6 
months by 1 or 2 further doses of 1000 mg 2 weeks apart (1 
RCT and 2 PCSs).19,23,29 Two PCSs initially used 4 doses of 
375 mg/m2/week but later changed to a B-cell based approach 
to guide redosing.25,26 Another PCS included patients 

Figure 2.  Most frequently studied rituximab induction regimens, by the number of studies. (Some studies included more than one regimen)
Note. AAV = ANCA associated vasculitis; MN = membranous nephropathy; LN = lupus nephritis; Podocytopathies = focal segmental glomerulosclerosis 
and minimal change disease.
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receiving 3 different regimens: 4 doses of 375 mg/m2/week; 
1000 mg as 2 doses 2 weeks apart; and a CD19 targeted treat-
ment approach.34 The remaining RCT evaluated a single 
dose of 1000 mg after 6 months of tacrolimus.21 We did not 
identify any RCT or PCS examining use of rituximab to 
maintain remission in MN.

A single PCS22 evaluated whether titrating rituximab to cir-
culating CD20 B-cell counts improves safety and reduces 
costs. Twelve patients with incident primary MN who received 
a single 375 mg/m2 followed by monthly re-evaluation of 
B-cell counts were compared with 24 historical reference 
patients who received 4 weekly doses of 375 mg/m2 and were 
followed for 12 months with comparable response rates (CR n 
= 2 [17%] vs 2 [8%] and PR n = 6 [50%] vs 14 [58%]).

Key findings from each of the individual studies we iden-
tified are summarized in Table 3 but—due to differences in 
study populations, concomitant treatments, outcome defini-
tions, and follow-up durations—these data are insufficient to 
allow definitive conclusions regarding an optimal dosing 
regimen to be drawn.

Lupus nephritis.  We identified 16 studies (4 RCTs and 12 
PCSs) evaluating the use of rituximab in Lupus Nephritis 
(LN) (Table 4). Studied regimens for induction therapy in 
LN were variable (Figure 2): 1 dose of 375 mg/m2 (1 
PCS)48; 4 doses of 375 mg/m2/week (1 RCT and 2 
PCSs),37,39,42 that could be followed by 2 more monthly 
doses of 375 mg/m2 (1 PCS)50; a single dose of 1000 mg (2 
RCT)35,38; 500 to 1000 mg as 2 doses 2 weeks apart (1 PCS)40; 
and 1000 mg as 2 doses 2 weeks apart (6 PCS)41,43-46,49 that 
could be followed after 6 months by 2 additional doses of 
1000 mg 2 weeks apart (1 RCT and 1 PCS).36,47 We did not 
identify any RCT or PCS examining use of rituximab to 
maintain remission in LN.

No head-to-head studies comparing the efficacy and/or 
safety of different rituximab dosing regimens for the treat-
ment of LN were identified.

Key findings from each of the individual studies we iden-
tified are summarized in Table 4 but—due to differences in 
study populations, concomitant treatments, outcome defini-
tions, and follow-up durations—these data are insufficient to 
allow definitive conclusions regarding an optimal dosing 
regimen to be drawn.

Minimal change disease (MCD) and focal segmental glomerulo-
sclerosis (FSGS).  We identified 6 studies (6 PCSs) evaluating 
the use of rituximab in MCD and/or FSGS (Table 5). In 
adults with MCD, we identified 2 PCSs that evaluated ritux-
imab as an induction and/or maintenance regimen: 2 doses 
of 375 mg/m2 (maximum, 500 mg) 6 months apart,51 and 2 
doses of 1000 mg 6 months apart.52 We identified 3 PCSs 
that included patients with either MCD or FSGS that exam-
ined 3 different rituximab regimens for induction therapy: 4 
doses of 375 mg/m2/week54; 375 mg/m2 followed by 100 mg 
after 2-3 days based on CD19 level;55 and 1 or 2 doses of 

rituximab 375 mg/m2/wk.53 Finally, one PCS evaluating the 
efficacy of rituximab in reducing the risk of post-kidney 
transplant FSGS56 used 2 doses of 375 mg/m2 with or with-
out plasma-exchange.

No head-to-head studies comparing the efficacy and/or 
safety of different rituximab dosing regimens for the treat-
ment of MCD/FSGS were identified.

Key findings from each of the individual studies we iden-
tified are summarized in Table 5 but—due to differences in 
study populations, concomitant treatments, outcome defini-
tions, and follow-up durations—these data are insufficient to 
allow definitive conclusions regarding an optimal dosing 
regimen to be drawn.

Miscellaneous.  We identified 2 PCSs evaluating rituximab 
in the treatment of multiple glomerular diseases (Table 6). 
The first included patients with MCD, FSGS, or MN who 
received rituximab 500 mg weekly for 4 doses.57 The sec-
ond included patients with refractory nephrotic syndrome 
due to MN, LN, MCD, FSGS, or AAV and used the fol-
lowing regimen: 4 doses of 375 mg/m2/week followed by 
375 mg/m2 based on CD19+ B lymphocyte count during 
follow-up.58

Measurement of B-Cell Depletion as a Rituximab 
Treatment Target

Of the 53 studies we evaluated, 46 measured and/or reported 
data on B-cell depletion, of which 31 provided a definition 
for B-cell depletion. The most frequent definition was a 
B-cell count of less than 5 per mm3 (18 studies), followed by 
a count less than 10 per mm3 (5 studies). Other studies 
reported “complete B-cell depletion” or a B-cell concentra-
tion below the normal lab reference range: see online supple-
ment for further details.

Adverse Event (AE) Reporting

AEs were described in 50 of the 53 studies, variably reported 
as total number of overall and/or serious AEs, total number 
of patients affected by an AE, and/or descriptions of serious 
AEs. In total, 2717 AEs among the 2803 patients included in 
these 50 studies were identified, with at least 561 defined as 
serious AEs. Most of the serious AEs were reported in stud-
ies using rituximab for treatment of systemic diseases (ie, 
352 in AAV and 123 in LN), for which rituximab was always 
prescribed along with concomitant corticosteroids and/or 
other immunosuppressive therapies (12 of 12 studies in AAV 
and 16 of 16 studies in LN). Fewer serious AEs were reported 
in renal-limited diseases (ie, 54 in MN and 8 in MCD/FSGS), 
for which rituximab was more commonly prescribed as 
monotherapy (15 of 17 studies in MN) or along with tapering 
immunosuppression doses (4 of 6 studies in MCD/FSGS). 
Details of AEs for each of the individual studies are summa-
rized in Tables 2 to 6.
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Discussion

Rituximab Dosing for Glomerular Diseases

This scoping review reveals a lack of consensus with respect 
to dosing of rituximab for the treatment of glomerular dis-
ease and insufficient data to compare the efficacy and/or 
safety of individual dosing regimens. Across the 53 studies 
we reviewed, we identified 16 different rituximab dosing 
regimens studied as induction therapy for one or more of 5 
glomerular diseases (AAV, MN, LN, MCD, FSGS) for which 
rituximab is included in a treatment algorithm in the KDIGO 
2021 Clinical Practice Guideline for the Management of 
Glomerular Diseases.3

In the first 4 months of treatment (Figure 2), the most fre-
quently studied induction regimens were

1.	 AAV: 375 mg/m2 weekly for 4 doses (6 of 12 
studies);

2.	 LN: 2 doses of 1000 mg 2 weeks apart (9 of 16 
studies);

3.	 MN: either of the above 2 regimens (8 and 6 of 17 
studies, respectively); and

4.	 Podocytopathies: a lower dose regimen, eg, 1 to 2 
doses of 375 mg/m2 (3 of 6 studies).

Studies examining rituximab to maintain remission were 
fewer and no predominant dosing approaches were identified. 
In some cases, additional dosing was tailored to measures of 
B-cell depletion/reconstitution or, less frequently, to markers 
of disease activity,59 eg, degree of proteinuria, and/or evidence 
of immunological disease activity (anti-PLA2R or ANCA).

Head-to-head studies comparing the efficacy and/or 
safety of different rituximab dosing regimens for the treat-
ment of glomerular disease were generally lacking and dif-
ferences in study populations, concomitant treatments, 
outcome definitions, and follow-up durations in the individ-
ual studies we examined precluded our ability to draw defini-
tive conclusions regarding optimal dosing regimens for each 
of the glomerular disease subtypes we examined.

The Importance of Achieving B-Cell Depletion

Rituximab results in prolonged B-cell depletion. This is a 
dose-dependent effect, and response to induction treatment 
appears dependent on achieving this target.60,61 Of the 46 
studies that measured and/or reported data on B-cell deple-
tion, only 31 provided a definition for B-cell depletion, 
which varied across studies. This non-standardized approach 
to measuring, reporting, and defining B-cell depletion adds 
to the challenge of evaluating and comparing the efficacy 
and safety of different dosing regimens. While not a head-to-
head comparison, Seitz-Polski et al60 compared the results of 
2 PCSs in MN using different rituximab regimens: partici-
pants with primary MN from the Department of Nephrology 
at Pasteur Hospital in Nice, the (NICE) cohort, received 2 

doses of 1000 mg 2 weeks apart, while the GEMRITUX 
cohort received 2 doses of 375 mg/m2 at a 1-week interval. 
There were significant differences in treatment outcomes, 
favoring the higher dose NICE cohort, in terms of achieve-
ment of remission at 6 months, median time to achieve 
remission, and nadir CD19 counts. However, in the absence 
of a large representative head-to-head clinical trial, it is not 
possible to attribute these differences in outcome to differ-
ences in drug dosing or achievement of B-cell depletion (vs 
differences in study population, treatment setting, concomi-
tant therapies etc.). A similar observation was made by Takei 
et al51 in a study of 17 patients with steroid-dependent MCD: 
complete remission was observed in all those who achieved 
B-cell depletion, with 4 relapses associated with B-cell reple-
tion. In LN, Gomez Mendez et al61 described substantial 
variability in achievement of B-cell depletion in the LUNAR 
study: those achieving this target were more likely to obtain 
a complete response. A more recent PCS in LN by Roccatello 
et al50 used an intensive B-cell depletion approach with six 
375 mg/m2 doses of rituximab and 2 doses of IV cyclophos-
phamide without maintenance therapy: complete remission 
was achieved in 93% of patients. Individualizing rituximab 
dosing to achieve B-cell depletion is likely an important ther-
apeutic target.

Adverse Events Associated With Rituximab 
Prescribing in Glomerular Disease

An important consideration when prescribing rituximab is 
not only achievement and maintenance of remission but also 
the avoidance of treatment-related toxicity. In this review, we 
identified 2717 AEs, including 561 serious AEs, in the 50 
studies that reported adverse events. The risk for AEs 
appeared to be greater when rituximab was prescribed for the 
treatment of systemic (ie, AAV or LN) vs renal-limited (ie, 
MN or MCD/FSGS) glomerular disease. This could reflect 
the systemic disease burden and/or greater exposure to addi-
tional immunosuppression in systemic diseases rather than a 
direct effect of rituximab dosing. Most of the studies reported 
a comparable safety profile with rituximab vs comparator 
immunosuppressive therapies for the outcomes of death, 
severe infection, or cancer. However, there appears to be a 
heightened risk for hypogammaglobulinemia, which can 
develop many years following treatment and beyond the 
observation window of many clinical trials.62 Severe or pro-
longed hypogammaglobulinemia can cause complicated 
infections that require treatment withdrawal and/or immuno-
globulin replacement therapy.63,64

A Role for Rituximab to Achieve Steroid 
Minimization or Avoidance

Glucocorticoids are a cornerstone in the management of glo-
merular diseases but are often associated with unacceptable  
toxicity. This has motivated the development of novel 
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steroid-sparing regimens to minimize glucocorticoid associated 
morbidity and mortality. Rituximab has been used successfully 
as part of steroid-sparing regimens in glomerular disease.

In AAV, Furuta et al8 conducted an RCT in Japanese 
patients with AAV comparing the efficacy of a reduced-dose 
glucocorticoid (0.5 mg/kg/day) vs a standard dose (1 mg/kg/
day) in a 6-month study while using rituximab as an induc-
tion agent in both arms. This study showed comparable 
remission rates (71% vs 69%; P = 0.003 for noninferiority). 
Another 12-month PCS by Pepper et al,12 also in patients 
with AAV, was conducted in the United Kingdom and 
Ireland. The investigators evaluated a novel induction regi-
men of rituximab and low-dose cyclophosphamide for 3 
months and an early rapid steroid withdrawal over 2 weeks. 
Most patients (90%) achieved sustained remission without 
the need for additional steroids.

In MN, the modified Ponticelli protocol had become stan-
dard of care for the treatment of MN. This regimen includes 
a cyclical monthly regimen of cyclophosphamide alternating 
with high-dose steroids for a total of 6 months.65 The 
RI-CYCLO20 RCT showed that rituximab had similar effi-
cacy to the modified Ponticelli protocol in the treatment of 
MN and could substantially reduce glucocorticoid exposure 
in these patients.

In LN, steroid avoidance was best examined in a PCS  
(n = 50) by Condon et al,45 in which 90% of participants 
who received rituximab along with mycophenolate as induc-
tion therapy achieved complete or partial remission. This 
cohort of patients received only 2 doses of methylpredniso-
lone 500 mg 2 weeks apart with no oral steroids. However, a 
planned RCT from the same group was terminated early due 
to insufficient recruitment.

Finally, in MCD and FSGS, rituximab is typically reserved 
for steroid-dependent and refractory cases. Most study par-
ticipants who received rituximab could completely discon-
tinue steroids and/or other immunosuppressive treatments, 
after achieving remission, with a markedly reduced subse-
quent relapse rate.51-55 There are several ongoing studies 
evaluating rituximab vs steroids in MCD/FSGS for which 
results are eagerly awaited.

Limitations

This scoping review was performed with a structured meth-
odology: nevertheless, study selection and data abstraction 
likely involved some subjectivity on the part of the investiga-
tors. Restriction of the search to a single database (PubMed) 
and to studies published in the English language and with an 
accompanying abstract could have led to selection bias, eg, 
exclusion of research letters or studies from non-English 
speaking investigators. This work was initially intended to 
inform the feasibility and design of a systematic review and 
meta-analysis of rituximab dosing in glomerular diseases: 
however, heterogeneity with respect to dosing, study popula-
tions, and study outcomes precluded this. Accordingly, while 
we limited our review to prospective observational studies 

and RCTs to ensure higher-quality data, we did not formally 
assess the quality of individual studies.

Conclusion

Numerous rituximab dosing regimens have been studied for 
the treatment of glomerular diseases, either as monotherapy or 
as an adjunct treatment, with heterogeneous treatment 
responses. Individualizing treatment (dose, frequency) based 
on the extent of B-cell depletion and the level and trajectory of 
disease-specific biomarkers might be key to achieving and 
maintaining disease control. More studies are needed to estab-
lish the optimal rituximab dosing regimen, and factors impact-
ing treatment response, for individual glomerular disease 
subtypes and diverse disease states (eg, active nephrotic syn-
drome, remission). In the absence of a head-to-head clinical 
trial comparing dosing regimens, restriction to a limited set of 
standardized dosing regimens along with standardized report-
ing of efficacy and safety outcomes (including B-cell deple-
tion) will at least enable valid indirect inferences to be made.
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