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Abstract

Introduction: Membranous nephropathy (MN) is an organ-specific autoim-
mune disease, and its prevalence is increasing. B lymphocytes activated by
T cells produce antibodies. CD19+/CD20+ plasma cells may contribute to
autoantibody and alloantibody production. Rituximab has been effective in
treating MN in many clinical trials. Thus, we conducted a meta-analysis to
explore the clinical efficacy and safety of rituximab with MN.

Material and methods: We searched Embase, PubMed, Cochrane Library and
ClinicalTrials.gov without language or publication date limitations. Studies
were classified in high-risk, medium-risk and low-risk groups based on base-
line proteinuria. Follow-up periods and different administrations of rituximab
were also compared. Complete remission (CR) and partial remission (PR)
were assessed to measure the efficacy of rituximab, and adverse effects were
also extracted. Dichotomous data were expressed by the odds ratio (OR), and
the 95% confidence intervals (95% Cl) were used for the recruited studies.
Results: Fourteen articles, including 17 studies, were included in this meta-
analysis. The pooled OR of overall PR and CR remission rate was 0.58 (95% Cl:
0.53-0.63; p = 0.003). No studies belonged to the low-risk group. The over-
all PR and CR remission rate in the medium-risk group was 0.56 (95% Cl:
0.36-0.73; p = 0.57). The pooled OR of overall PR and CR remission rate in
the high-risk group was 0.59 (95% Cl: 0.53-0.65; p = 0.03). At the 12-month fol-
low-up, the pooled OR of overall PR and CR remission rate was 0.51 (95% Cl:
0.43-0.59; p = 0.72). At the 24-month follow-up, the pooled OR of overall PR
and CR remission rate was 0.71 (95% Cl: 0.48-0.86; p = 0.07). The pooled
OR of efficacy of rituximab at 375 mg/m? x 4 was 0.63 (95% Cl: 0.55-0.70;
p = 0.001). Rituximab was tolerated in MN, and most adverse effects were
mild. The pooled OR of infusion reaction rate of rituximab was 0.25 (95% Cl:
0.13-0.44; p = 0.01) in MN. The pooled OR of cardiovascular-related event
rate of rituximab in MN was 0.04 (95% Cl: 0.02-0.11). The pooled OR of in-
fection rate of rituximab in MN was 0.06 (95% Cl: 0.03-0.12; p < 0.00001).
Conclusions: Rituximab is safe and effective in MN and a promising alter-
native treatment. More randomized control trials and studies on the role of
MN are expected.

Key words: membranous nephropathy (MN), rituximab, complete remission
(CR), partial remission (PR), meta-analysis.

Introduction

In recent years, membranous nephropathy (MN) has increased in
prevalence, and is a common glomerulonephritis [1, 2]. Studies have also
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shown that membranous nephropathy is the most
common glomerulonephritis in the elderly [3-6].
Membranous nephropathy is considered as an or-
gan-specific autoimmune disease, and is histo-
logically defined by subepithelial immune depos-
its. The major membranous nephropathy target
antigen is podocyte phospholipase A2 receptor
(PLA2R) [7]. It has been reported that approximate-
ly 70% and 80% of total idiopathic membranous
nephropathy patients are found with elevated se-
rum anti-PLA2R antibodies levels and enhanced
glomerular PLA2R deposits, respectively [8].

B lymphocytes activated by T cells produce an-
tibodies, which play an essential role in glomerular
immunoglobulin deposits and complement activa-
tion [9, 10], and B cells have been suggested as
antigen-presenting cells involved in the pathogen-
esis of MN [11]. CD20 is a pan-B cells marker due
to its expression in the pre-B stage of B cells and
absence after differentiating to plasma cells [11].
CD19+/CD20+ plasma cells may contribute to au-
toantibody and alloantibody production [12, 13].

Rituximab is a monoclonal antibody that specif-
ically binds to the CD20 antigen. In recurrent MN
[14-16], anti-CD20 antibody with classical immu-
nosuppressant treatment may block the prolifer-
ation of B cells and the production of pathogenic
antibodies in patients. Rituximab is also effective in
treating other conditions associated with autoanti-
body production, such as systemic lupus erythema-
tosus [17] and rheumatoid arthritis [18]. Although
the effects of rituximab on MN have not been char-
acterized in animal studies, clinical trials and case
reports have reported that rituximab is associated
with good remission rates and is safe in patients
with MN. So far, only Zou et al. [19] have conduct-
ed studies prior to 2016 with 12-month follow-up
to analyze the efficacy and safety of rituximab in
idiopathic membranous nephropathy. However,
Cravedi [20] suggests that nephrologists should
note the limitations of this study and warn against
an oversimplified interpretation of the data. Based
on this literature, we analyzed the role of rituximab
in membranous nephropathy in different stages
of membranous nephropathy, different follow-up
periods, and administered doses and adverse ef-
fects. This meta-analysis will provide evidence for
the application of rituximab in MN.

Material and methods
Search strategy
The keywords “rituximab”, “CD20 antibody”,

“glomerulonephritis, membranous”, “membranous
nephropathy”, “idiopathic membranous nephrop-
athy” and “membranous glomerulonephritis”.
“(rituximab OR CD20 antibody) AND (glomerulo-

nephritis membranous OR membranous nephro-

pathy OR idiopathic membranous nephropathy OR
membranous glomerulonephritis)” was entered
into PubMed, Embase, Cochrane Library and Clini-
calTrials.gov for search without language or publi-
cation date limitations.

Inclusion and exclusion criteria

We included and excluded relevant studies
according to the following criteria. Primary mem-
branous nephropathy was eligible, and secondary
membranous nephropathy was excluded. Ritux-
imab as the first line in membranous nephropathy
was included, and combined therapy or second
line therapy was excluded. Patients were over
18 years old; pediatric trials were not considered.
Reviews, case reports and editorials were exclud-
ed, and only randomized controlled trials, pro-
spective studies, and retrospective studies were
included in this meta-analysis.

Outcome measures and data collection

The numbers of complete remissions (CR) and
partial remissions (PR) were extracted to measure
the efficacy of rituximab in membranous nephrop-
athy at 12 months and at 24 months. Basic infor-
mation was collected from each study, including
author, publish year, rituximab dose, study de-
sign, total subjects in completed trials and peri-
od of follow-up. Baseline values of proteinuria,
serum albumin, serum creatinine and estimated
glomerular rate (eGFR) of patients were also re-
corded. Finally, adverse effects were included.
The most common adverse effects of rituximab in
MN are infusion reactions, infections, cardiovas-
cular events, bullous dermatitis and small patch-
es of hair loss and thinning, and tumors. Infusion
reactions included symptoms of skin rash, flu-like
symptoms, and a metallic taste.

Statistical analysis

The primary aim of treatment is to reduce
chronic proteinuria. The 2012 KIDGO guideline
of idiopathic membranous nephropathy pro-
poses a relationship between 24 h proteinuria
and disease progression. We divided patients
into low-risk (proteinuria was < 4 g/24 h), me-
dium-risk (proteinuria was 4-8 g/24 h) and
high-risk groups (proteinuria was > 8 g/24 h)
according to their baseline level of proteinuria.
The role of rituximab in membranous nephrop-
athy was analyzed at different stages of disease
progression and follow-up periods (12 months
and 24 months). CR and PR values were extract-
ed from the included studies, and pooled using
the method of the inverse of the variance with
logit transformed proportions [21]. Review Man-
ager Version 5.3 software was used for further
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analyses. The results were converted according
to the formulae below [22], and the values were
considered to denote the efficacy of rituximab.
Dichotomous data were expressed by the odds
ratio (OR), and the 95% confidence intervals
(95% Cl) were used for the recruited studies.
A p value less than 0.05 was considered as sta-
tistically significant. The heterogeneity was as-
sessed with | square (1?). When I? was less than
50% [23], a fixed-effects model was used; other-
wise, a random-effects model was used [24, 25].

(1) The conversion formula for the effect indica-
tor is: Pf = OR/(1 + OR).

(2) The conversion formula for 95% confidence
interval upper limits is: LL = LL /(1 + LL_).

(3) The conversion formula for 95% confidence
interval lower limits is: UL = UL /(1 + UL_,).

Results
Search results

Results of every database are displayed in
Figure 1. There were 150, 221, 22 and 12 articles
in PubMed, Embase, Cochrane library and Clini-
calTrials.gov, respectively. Removing article types
based on the inclusion criteria and duplicates,
14 articles including 17 studies were included in
this meta-analysis.

Study characteristics

Table | displays the basic characteristics
of the included reports. There were 2 retrospec-
tive reports [26, 27] and 12 prospective reports

[28-39]. There are many administration proto-
cols for rituximab, including four weekly doses of
375 mg/m? (the most common), 15 days part
of 1 g and titrated to circulating B cells. The total
number of completed studies was 364. The fol-
low-up period varied; eight studies [27, 30, 32,
33, 35, 37, 39] contained data to 12 months,
four studies [28, 29, 36, 38] included data to
24 months. Patient characteristics of 17 studies
are shown in Table Il. Based on baseline protein-
uria, no studies were classified as low-risk, three
studies [26, 27, 31] were included in the medium-
risk group, and twelve studies [28-30, 32-39]
were classified as high-risk. Seven studies
[27-29, 32, 34-36] reported that rituximab was
administered in four weekly rituximab doses
of 375 mg/m?2. Two studies [30, 31] reported that
rituximab (375 mg/m?) was administered once or
twice. Two reports [37, 38] contained a 1 g dose
of rituximab twice, but the number of PR and CR
could not be extracted.

Efficacy of rituximab in membranous
nephropathy

Fifteen studies [26—39] were included to assess
the efficacy of rituximab in MN. The 12 = 37%, fixed
model was applied, which suggested that the het-
erogeneity between included documents was
minimal. The pooled OR of initial results was 1.38
(95% ClI: 1.12-1.71; p = 0.003; Figure 2 A), and
after conversion, the pooled OR of overall PR and
CR remission rate was 0.58 (95% Cl: 0.53-0.63;
p = 0.003), which was statistically significant.

PubMed 150

Embase 221 |

| Cochrane library 22 | | Clinical trials 12

Y Y

Article type type
1) Case reports 44

Publication type type
1) Conference abstract 116

( (
(2) Review 45 (2) Review 38
(3) Editorial 5 (3) Letter 7
(4) Comment 9 (4) Note 3
(5) Editorial 2
(

6) Erratum 1

A

Duplicates 12

Case report 7

Letter 1

Not nephrotic syndrome 15

Not rituximab 13

Without nephrotic syndrome and rituximab 12
Without related results 24

Without detailed data 12

Not published in English 2
< 18 yearsold 23

Figure 1. Flow chart of screening articles Note: + mean sum up; — mean subtraction
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Table 1. Studies included in this meta-analysis

Author, year PMID Intervention Study design Total follow up
subjects (months)
Cravedi, 2011 21508634 Four weekly rituximab doses Prospective, matched- 11 24
(375 mg/m? each) cohort study
Irazabal, 2013 22987142 RTX (375 mg/m? x 4) Prospective study 20 24
Moroni, 2017 27387472 RTX (375 mg/m?) once or twice Prospective study 34 12
Bagchi, 2018 29942496  RTX (375 mg/m?) once or twice Prospective study 21 13.1 (10-23.9)
Sougiyyeh, 25579715 375 mg/m? RTX every week for Multicenter, 25 6-21
2015 two to four weeks retrospective study
Ruggenenti, 17699281 RTX (375 mg/m? x 4) Prospective cohort 9 12
2006 study
Wang, 2018 29149305  RTX (375 mg/m?) according to Prospective cohort 36 12 (9.0-19.3)
circulating B cells study
Ales Rigler, 28664837 375 mg/m? RTX in 4 weekly Retrospective study 29 12
2017 doses — RTX in a single dose
of 375 mg/m?
Ruggenenti, 22822077 RTX (375 mg/m? x 4) Prospective studies 68 29 (6-121)
2012
Ruggenenti, 12819245 RTX (375 mg/m? x 4) Prospective, 8 12
2003 observational study
Fervenza, 2010 20705965 RTX (375 mg/m? x 4) Prospective cohort 18 24
study
Fervenza, 17943078 RTX1gx2 Prospective cohort 14 12
2008 study
Beck, 2011 21784898  Group 1: RTX 1 g x 2; Group 2: Cohort studies 35 24
RTX (375 mg/m? x 4)
Cravedi, 2007 17702725 Group 1: four weekly doses Controlled clinical 36 12
of 375 mg/m?; group 2 titrated  trial matched-cohort
to circulating B cells study

The baseline proteinuria of three studies [26,
27, 31] met criteria of the medium-risk group.
The I? = 63%, a random model, indicated het-
erogeneity of 1.25 (95% Cl: 0.58-2.72; p = 0.57;
Figure 2 B) between the included studies. After
conversion, the pooled OR of overall PR and CR
remission rate in the medium-risk group was 0.56
(95% Cl: 0.36-0.73), not statistically significant.

According to baseline proteinuria, twelve studies
[28-30, 32-39] were included in the high-risk group.
The I*> = 33%, a fixed model was used, indicating
a minimal heterogeneity between the included
studies of 1.43 (95% Cl: 1.13-1.82; p = 0.003; Figure
2 Q). After conversion, the pooled OR of overall PR
and CR remission rate in the high-risk group was
0.59 (95% Cl: 0.53-0.65), which was statistically
significant.

Eight studies [27, 30, 32, 33, 35, 37, 39] were
assessed to analyze the efficacy of rituximab at
the 12-month follow-up. The heterogeneity was
low, with an 12 of 25%. The pooled OR of overall PR
and CR was 1.06 (95% Cl: 0.77-1.45; p = 0.72). Af-
ter transformation, the pooled OR of overall PR and
CR remission rate in 12-month follow-up was 0.51
(95% Cl: 0.43-0.59), not statistically significant.

Four studies [28, 29, 36, 38] were assessed
to analyze 24-month efficacy of rituximab. Since
the 17 was 69%, a random model was execut-
ed, indicating heterogeneity between studies.
The pooled OR of initial PR and CR rate was 2.40
(95% Cl: 0.92-6.26; p = 0.07). After transforma-
tion, the pooled OR of overall PR and CR remission
rate at the 24-month follow-up was 0.71 (95% Cl:
0.48-0.86), not statistically significant.

The efficacy of rituximab administered at 375
mg/m? x 4 was then assessed. The 1> was 44%;
a fixed model indicated heterogeneity between
the reports, with the pooled OR of initial PR and CR
of 1.7 (95% Cl: 1.24-2.35; p = 0.001). After conver-
sion, the pooled OR of overall PR and CR was 0.63
(95% Cl: 0.55-0.70), statistically significant. Studies
of rituximab administered at 375 mg/m? once or
twice were not included.

Safety of rituximab in membranous
nephropathy

The most common adverse effects of ritux-
imab in MN are infusion reactions, infections, car-
diovascular events, bullous dermatitis and small

Arch Med Sci



Clinical efficacy and safety of rituximab with membranous nephropathy: a meta-analysis

Table II. Baseline characteristics of included studies

Author, year PMID Age Gender Proteinuria  Serum albumin Serum eGFR
(years) (g/24 h) creatinine  (mL/min/
(mg/dL) 1.73 m?

Cravedi, 2011 21508634 50.1 +12.3 1 female, 10.3 2.1 +0.6 g/dl 1.1+0.4 > 20
10 male (5.8-13.8)

Irazabal, 2013 22987142 49.0 +13.0 3 female, 11.9 +4.9 2.7 0.6 g/dl 1.5 £0.5 72.4 £33.2
17 male

Moroni, 2017 27387472 52.8 £15.2 11 female, 11.9 £8.2 2.4 +0.6 g/dl 1.3 £0.6 67.2 £30.8
23 male

Bagchi, 2018 29942496 333123 33.3% were 6.2 2.2 2.5 +0.5 g/dl 0.9 0.3 95.8 £26.9
females

Sougiyyeh, 25579715 37.4 9.5 Total 25 6.2 +4.7 34.1 +6.2 g/dl - 96.1 +46.1

2015

Ruggenenti, 17699281 51.2£13.2 5 female, 8.9 5.3 2.2 +0.6 mg/dl 1.0 £0.3 95.6 +20.3

2006 4 male

Wang, 2018 29149305 47.3£17.6 6 female, 12.3 £5.9 21.9 +5.8 g/l 2.1+1.4 55.7 £33.9
30 male

Ales Rigler, 28664837 51.2+11.8 7 female, 7.9 +4.4 - 1.5 0.7 80.4 +43.8

2017 19 male

Ruggenenti, 22822077 51.5+59 28 female, 9.1 2.2 +0.6 g/dl 1.2 60.0 +4.0

2012 72 male (5.8-12.8) (0.97-1.7)

Ruggenenti, 12819245 52.8+19.6 5 female, 8.6 3.9 2.7 £+0.5 mg/dl 1.5+0.8 -

2003 3 male

Fervenza, 2010 20705965 48.6 £12.9 17 male 11.9+49 2.7 +0.6 g/100 ml 1.5 £0.5 72.4 £33.2
3 female

Fervenza, 17943078 47.0 £8.0 5 female, 13.0 5.7 2.3 +0.6 g/100 ml 1.4 0.5 85.2 £13.6

2008 3 male

Beck, 2011 21784898 48.2 +10.9 5 female, 12.4 +5.1 - 1.5 +0.5 77.9 £31.3
28 male

Cravedi, 2007 17702725 57.0+13.0 67% male 10.3 £8.9 2.3 0.8 g/dl 1.4 £0.5 > 20

Cravedi*, 2007 17702725 55.0+15.0 67% male 9.1 £3.8 2.4 0.6 g/dl 1.5 +0.7 > 20

*Group 2 (rituximab was titrated to circulating B cells).

patches of hair loss and thinning, and tumors. In-
fusion reactions included symptoms of skin rash,
flu-like symptoms, and a metallic taste. The ma-
jority of these were acute and disappeared after
treatment infusions were stopped or methylpred-
nisolone infusion. Some resolved without any
treatment. Cardiovascular-related events were
atrial fibrillation, myocardial infarction and hy-
potension. These symptoms typically appeared
several months following rituximab infusion.
No treatments were prescribed in the included
studies. Infectious included soft tissue infections
of lower extremities, herpes zoster, respiratory
tract infection and pneumonia. These symptoms
developed over 1-5 months after rituximab infu-
sion. Oral antibiotics or anti-viral drugs were suc-
cessfully used to treat these conditions. Bullous
dermatitis often appeared one day after RTX. Hair
loss and tumors were rare.

Six studies [28, 34-37, 39] were included to
analyze the infusion reaction rate of rituximab in
MN. The I> was 74%, so a random model was ap-

plied. Heterogeneity was present in the included
studies. The pooled OR of initial result was 0.33
(95% Cl: 0.14-0.80; p = 0.01; Figure 3 A). After
transformation, the pooled OR of infusion reaction
rate of rituximab was 0.25 (95% Cl: 0.13-0.44),
which was statistically significant.

Three studies [30, 34, 36] were assessed to an-
alyze the cardiovascular-related event rate of rit-
uximab in MN. Due to an I? of O, there was no
heterogeneity between the studies. The pooled
OR of initial result was 0.04 (95% Cl: 0.02-0.12;
p < 0.00001; Figure 3 B). After conversion, the
pooled OR of rate was 0.04 (95% Cl: 0.02-0.11),
which was statistically significant.

Five studies [30, 31, 33, 36, 37] reported infec-
tion with rituximab treatment of MN. The pooled
2= 0%, a fixed model was conducted, with no
heterogeneity between the reports. The pooled
OR of initial result was 0.06 (95% Cl: 0.03-0.14;
p < 0.00001; Figure 3 C), and after transformation,
the pooled OR of rate was 0.06 (95% Cl: 0.03-0.12),
statistically significant.
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A 0dds Ratio Odds ratio
Study or subgroup  log [odds ratio] SE  Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Ales Rigler A, 2017 —0.49247648 0.382707 8.0% 0.61[0.29, 1.29] —_—
Bagchi S, 2018 0.48550782  0.44935852 5.8% 1.63[0.67, 3.92] —t—
Beck LH Jr, 2011 -0.05715841 0.33819977 10.3% 0.94[0.49, 1.83] —_—
Cravedi P 2011 0.55961579  0.62678317 3.0% 1.75[0.51, 5.98] —
Cravedi P*, 2007 0.69314718 0.61237244 3.1% 2.00[0.60, 6.64] —_—
Cravedi P 2007 0.69314718 0.4330127 6.3% 2.00[0.86, 4.67] 1
Fervenza FC, 2008 0.28768207 0.54006172 4.0% 1.33[0.46, 3.84] —_—
Fervenza FC, 2010 1.38629436  0.55901699 3.8% 4.00[1.34,11.96]
Irazabal MV, 2013 0.47000363 0.40311289 7.2% 1.60[0.73, 3.53] o
Moroni G, 2017 -0.23638878 0.34539578 9.9% 0.79[0.40, 1.55] —
Ruggenenti B 2003 0.69314718 0.70710678 2.4% 2.00 [0.50, 8.00] —
Ruggenenti B 2006 0.69314718 0.70710678 2.4% 2.00[0.50, 8.00] L E—
Ruggenenti B 2012 0.80562516 0.2624798 17.1% 2.24[1.34,3.74] —a
Sougiyyeh MZ, 2015 0.7537718  0.42874646 6.4% 2.12[0.92,4.92] e —
Wang X, 2018 -0.33647224 0.3380617 10.3% 0.71[0.37, 1.39] —
Total (95% Cl) 100.0%  1.38[1.12, 171] L 2
T T T 1
1

Heterogeneity: ¥> = 22.30, df = 14 (p = 0.07), I’ =37%

Test for overall effect: Z = 2.98 (p = 0.003) 0.01 0.1 10 100
Favours [experimental] Favours [control]
B 0dds ratio 0Odds ratio

Study or subgroup  log [odds ratio] SE  Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Ales Rigler A, 2017 —0.49247648 0.382707  35.6% 0.61[0.29, 1.29]

Bagchi S, 2018 0.48550782  0.44935852  31.6% 1.63[0.67, 3.92]

Sougiyyeh Mz, 2015 0.7537718  0.42874646 32.8%  2.12[0.92, 4.92]

Total (95% CI) 100.0%  1.25[0.58, 2.72]

Heterogeneity: Tau?= 0.29; 32 = 5.34, df = 2 (p = 0.07); I = 63% f f T f |

Test for overall effect: Z= 0.57 (p = 0.57) 0.01 01 1 10 100

Favours [experimental] Favours [control]
C 0dds ratio

Study or subgroup log [odds ratio] SE  Weight 1V, Fixed, 95% CI

Beck LH Jr, 2011 -0.05715841 0.33819977 12.9% 0.94[0.49, 1.83] —_—

Cravedi R 2011 0.55961579  0.62678317 3.8% 1.75[0.51, 5.98] —_—

Cravedi P*, 2007 0.69314718 0.61237244 3.9% 2.00[0.60, 6.64] s

Cravedi R 2007 0.69314718 0.4330127 7.9% 2.00[0.86, 4.67] ——

Fervenza FC, 2008 0.28768207  0.54006172 5.1% 1.33[0.46, 3.84] — T

Fervenza FC,2010 1.38629436  0.55901699 4.7% 4.00[1.34,11.96] e —

Irazabal MV, 2013 0.47000363  0.40311289 9.1% 1.60[0.73, 3.53] T

Moroni G, 2017 -0.23638878  0.34539578 12.4% 0.79 [0.40, 1.55] —

Ruggenenti B 2003 0.69314718 0.70710678 3.0% 2.00 [0.50, 8.00] e

Ruggenenti B 2006 0.69314718 0.70710678 3.0% 2.00 [0.50, 8.00] —

Ruggenenti B 2012 0.80562516 0.2624798  21.4% 2.24[1.34,3.74] ——

Wang X, 2018 -0.33647224 0.3380617 12.9% 0.71[0.37, 1.39] .

Total (95% Cl) 100.0%  143[1.13,1.82] . L 4 . .
e 2 = — — 2 — 0 r T T 1

Heterogeneity: x> = 16.53, df = 11 (p = 0.12), ? = 33% 0.01 01 1 10 100

Test for overall effect: Z = 2.96 (p = 0.003)

Favours [experimental] Favours [control]

Figure 2. The efficacy of rituximab in membranous nephropathy (MN). A —The overall remission rate of rituximab in
MN. B — The remission rate of rituximab in medium-risk group. C — The remission rate of rituximab in high-risk group

Discussion

Proteinuria is a marker of membranous nephro-
pathy. With 4-120 months of observation, approxi-
mately 30-40% of patients can achieve spontaneous
complete remission [40, 41]. With optimal supportive
care combined with classical immunosuppressive
therapy, less than 30% of cases progress to severe
renal insufficiency [42—44]. Clinical studies indicate
that severe proteinuria is a risk factor for progression
of idiopathic membranous nephropathy to end-stage
renal disease [45]. Thus, urine protein data are valu-
able to inform treatment-related decisions [46, 47].

Proteinuria is also an indirect indicator of autoim-
mune activity and disease severity [48]. In this me-
ta-analysis, the included studies were divided into
high-risk, medium-risk and low-risk groups accord-
ing to baseline proteinuria levels. The overall remis-
sion rate was 58% (p = 0.003), and the remission rate
of the medium-risk and high-risk groups were 56%
(p = 0.57) and 59% (p = 0.003), respectively, lower
than some prospective studies included [26, 28, 31,
32, 34, 39]. The effective ratio of rituximab in some
reports approached 80% [29, 35, 36]. In the random-
ized controlled trial from Dahan et al. [49], the rate
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0dds ratio 0dds ratio
Study or subgroup  log [odds ratio] SE  Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cravedi P 2011 —2.30258509  1.04880885 10.4% 0.10]0.01, 0.78]
Cravedi P 2007 —-1.60943791 0.4472136 19.9% 0.20[0.08, 0.48] —_—
Fervenza FC, 2008 0 0.53452248 18.3% 1.00[0.35, 2.85] —
Fervenza FC, 2010 0.22314355  0.47434165 19.4% 1.25[0.49, 3.17] e
Ruggenenti R 2003 -1.94591015 1.06904497 10.2% 0.14[0.02, 1.16]
Ruggenenti B 2012 —1.75785792  0.34240528 21.7% 0.17 [0.09, 0.34] ——
Total (95% Cl) 100.0% 0.33[0.14, 0.80] -
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Figure 3. The safety of rituximab in membranous nephropathy (MN). A —The infusion reaction rate of rituximab in MN.
B — The cardiovascular related event rate of rituximab in MN. C — The infection rate of rituximab in MN

of CR or PR was 35% in the primary 6-month end-
point, but after an extended median follow-up of
17 months, 64.9% of rituximab-treated patients
were in remission. In the prospective study from
Ales Rigler et al. [27], the remission rate was 37.9%
following rituximab treatment. They attributed
the results to a short follow-up period and low dose
of rituximab. Based on this, we conducted another
subgroup analysis. The remission rates were 51%
(p=0.72) and 71% (p = 0.07) in 12-month follow-up
and 24-month follow-up, respectively. To some ex-
tent, the remission rate of rituximab was related to
the observation time. Considering the dose admin-
istered, the pooled remission rate with rituximab
(375 mg/m? x 4) was 63%, similar to previous reports.

Rituximab is well tolerated in most patients [33].
In our meta-analysis, the most common adverse ef-
fects were infusion reaction (25%, p = 0.01); others
were infection (6%, p < 0.00001) and cardiovascular
events (4%, p < 0.000001). It has also been safer
over the past 10 years compared to other immu-
nosuppressive agent treatments for this disease
[50, 51]. Rituximab ameliorated proteinuria and had
minimal adverse effects on quality of life [52], where
patients receiving cyclophosphamide had high-

er rates of hospitalization, liver toxicity, infection,
and cardiovascular and thrombotic events [53]. In
addition, rituximab can act in a B-cell-independent
manner to prevent the disruption of the actin cyto-
skeleton and podocyte apoptosis [54].

Overall, rituximab is safe and effective alter-
native treatment. We speculate that the underly-
ing mechanism is that rituximab is a monoclonal
antibody that specifically binds to CD20 antigen,
blocking the proliferation of B cells and the pro-
duction of pathogenic antibodies in MN patients.
The role of B cells in MN is unknown. B cells play
an important role in the immune pathogenesis
of glomerulonephritis, but their biological actions
still need to be understood in order to determine
the time, duration and conditions of the optimal
therapeutic response to B cell targeting methods
[55]. Furthermore, severe MN may involve sponta-
neous remission without treatment, and its pro-
gression was difficult to predict, which explains
the treatment uncertainty that still exists today
[44, 56, 57]. Rituximab treatment for the depletion
of B cells to reduce urinary protein and promote
clearance of autoantibodies [58—-61] is still debat-
ed based on recent trials and metanalyses. A lack
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of response to rituximab treatment may be due to
a lack of CD20 molecules in the plasma cell pro-
duced antibodies [62]. Therefore, B cell depletion
may not be sufficient to maintain sustained remis-
sion [27, 30]. Multiple doses and protocols of rit-
uximab have been used in different studies [20].
Some researchers have observed that the half-life
of rituximab in MN patients is shorter than with
other diseases, and attribute this to the molecular
weight of rituximab (145 kDa), which may not be
cleared in the urine [63, 64]. Some patients with
rheumatoid arthritis [65] and idiopathic mem-
branous nephropathy [49] are resistant to CD20
monoclonal anti-B cells, and this may increase
the instability of rituximab in patients with MN.

There were some limitations in the present me-
ta-analysis. Not all included studies were random-
ized controlled trials, making it more difficult to as-
sess overall efficacy. Second, the number of patients
included in our meta-analysis was small. The ideal
method to classify membranous nephropathy is
based on pathological manifestation, not protein-
uria. However, few studies included pathological
results, and classifying the severity of MN based on
proteinuria is appropriate for clinical applications.

In conclusion, rituximab is a promising, safe
and effective alternative treatment for MN. Addi-
tional randomized controlled trials of rituximab
for MN are needed as well as additional studies
on the role of B cells in MN.
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