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Abstract. – OBJECTIVE: Membranous ne-
phropathy (MN) is a leading cause of nephrotic 
syndrome in adults, but the treatment of MN re-
mains controversial. Rituximab, a possible alter-
native treatment option, represented a new ther-
apeutic hope for the treatment of membranous 
nephropathy (MN). We performed a meta-anal-
ysis to perform the efficacy and safety of ritux-
imab therapy.

MATERIALS AND METHODS: Either random-
ized controlled trials (RCTs), cohort studies or 
case studies were eligible for review and were 
performed in Medline, Embase, Web of Science, 
Cochrane database with the computerized search-
es. The primary outcome measure was remissions 
and the endpoint outcomes. We assessed the 
following studies methodological quality inde-
pendently by using the Cochrane Collaboration 
tool for assessing risk of bias scale. The primary 
meta-analyses were performed using fixed or ran-
dom effects models due to a1n expected clinical 
diversity.

RESULTS: Five trials with a total of 351 pa-
tients were included. We found significant dif-
ference between rituximab and the placebo 
group on complete remissions rate (OR=1.6, 
95%; CI=0.96, 2.66; I2 of 0% indicating no het-
erogeneity) and eGFR (MD=-0.69, 95% CI=-14.53, 
0.73). The factors of remission and no remission 
MN patients who received treatment with ritux-
imab on remission were proteinuria and albu-
min, which reported different (MD=7.20, 95% 
CI=-9.07, -5.33) (MD=10.70, 95% CI=7.23, 14.17). 
But remains high risk of infusion reactions (OR= 
81.37, 95% CI=4.89, 1354.41). No evidence of 
significant risk of bias was reported.

CONCLUSIONS: Rituximab had a beneficial ef-
fect and remissions of proteinuria on MN during 
follow-up times, but some adverse events were 
still unknown. Taking consideration of long-term 
therapeutic side effects and dose of the drug, we 
suggest that rituximab might replace cyclophos-
phamide and steroids as first-line immunosup-
pressive therapy in MN patients. 
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Abbreviations

MN: Membranous nephropathy; RCTs: Randomized 
Controlled Trials; eGFR: Epidermal Growth Factor Re-
ceptor; MD: Mean Difference; CI: Confidence interval; 
OR: Odds Ratio; ESRD: End-Stage Renal Disease; RTX: 
Rituximab; SAEs: MN related serious adverse events..

Introduction

Membranous nephropathy (MN) is a common 
immune-mediated glomerular disease caused by 
autoantibodies directed against phospholipase A2 
receptor (PLA2R) and remains the leading cause 
of nephrotic syndrome (NS) in adults1,2. Some 
studies showed 30%-40% of affected patients 
will undergo spontaneous whereas about one 
third will progress to ESRD and usually it was 
partial remission within 1 year from disease on-
set3. It is still a matter of debate on the treatment 
of patients with MN. Rituximab, directed to the 
transmembrane protein CD20 on B-lymphocytes, 
is a chimeric monoclonal antibody specifically. 
It was first introduced for the treatment of B cell 
lymphoma in 19974,5. Now some studies showing 
the efficacy of rituximab (RTX) therapeutic to 
improve remissions in MN, but the mechanism 
and safety of action in these diseases is still un-
clear6-8. Rituximab represents a new therapeutic 
hope for the treatment of membranous nephropa-
thy (MN)2,8,9. We performed a systematic review 
of studies examining the efficacy and safety of 
rituximab therapy in patients with MN. 
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Materials and Methods

Criteria for Considering Reviews 
for Studies

Types of studies
Either randomized controlled trials (RCTs), 

cohort studies or case studies was eligible for 
review. Looking at the efficiency and safety of 
rituximab for severe membranous nephropathy 
we conducted rituximab versus other therapies. 
And we also included the pre or post observa-
tional study studies.

Inclusion criteria 
of participants
We included MN patients who meeting with at 

least one of the following criteria:
• Treatment with an ACE-I or ARB for > 6 

months despite; 
• 30% rise in serum creatinine from baseline at-

tributed to MN with declining renal function;
• Life-threatening symptoms due to the nephrot-

ic syndrome or membranous nephropathy;
• Taking ACEi/ARB therapy or quantified 

endogenous while estimated GFR ≥40 ml/
min/1.73 m2.

Exclusion criteria 
• Pregnancy or breastfeeding. 
• Patients with presence of systemic infection or 

a secondary cause of IMN.
• History of resistance to CSA or other syn-

drome.

Types of Outcome Measures

Primary end point
• Complete and partial remissions

They were defined according to 2012 KDIGO 
criteria on the basis of proteinuria. For evaluation 
of treatment responses, complete response was 
defined as urinary protein excretion <0.3 g/day. 
Partial response was defined as urinary protein 
excretion <3.5 g/day, and ≥50% reduction from 
peak values, accompanied by improvement or a 
normalization of the serum albumin concentra-
tion, or stable serum creatinine with elevation 
<30% of baseline level.

Endpoint outcomes
• Serum albumin level 
• Serum creatinine
• eGFR 
• 24-hour proteinuria (g/24 h)

MN related serious adverse events (SAEs)
• Infection
• Cardiac and vascular disorders
• Infusion reactions

Search methods for identification 
of reviews

Computerized searches were performed in 
Medline (through Pubmed1966–2018), Embase 
(through Ovid 1928-2018) and Web of Science 
(1900-20178), Cochrane database (1990-2018). 
The searches were performed using the terms and 
strategy below. We also searched trial registries 
at ClinicalTrials.gov and WHO trials register or 
the lists of clinical practice guidelines.

PubMed

#1 disease OR MN OR Membranous 
 Nephropathy OR Kidney Disease OR CKD
#2 Rituximab OR anti-CD20 monoclonal
 antibody
#3 #1 AND #2
Ovid AND Web of Science
#1 Kidney disease OR MN OR Membranous 
 Nephropathy OR Kidney Disease OR CKD
#2 Rituximab OR anti-CD20 monoclonal 
 antibody
#3 #1 AND #2
Cochrane database
#1 Kidney disease OR MN OR Membranous 
 Nephropathy OR Kidney Disease OR CKD
#2 Rituximab OR anti-CD20 monoclonal
 antibody
#3 #1 AND #2

Data Collection and Analysis 

Selection of reviews
Two reviewers independently screened the po-

tentially relevant literature and extract informa-
tion, then read titles, abstracts, and full texts of 
potentially relevant studies to dropped any stud-
ies inappropriate. The reviewers also retrieved 
the full text of these studies next to decide which 
studies could be satisfied the inclusion criteria. 

Data extraction and bias
We extracted patient-level outcomes com-

prised complete or partial remissions, se-
rum albumin level, serum creatinine, eG-
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FR, 24-hour proteinuria and nature of treat-
ment-related adverse effects. Extracted basic 
information including topics (first author, 
year of publication), design type and quality 
evaluation, the basic characteristics of the 
participants (sample size, gender, follow-up 
duration, mean age), specific details of the 
intervention, outcomes with incomplete data 
were excluded from analysis.

In this review, we assessed the following 
studies methodological quality independently by 
using the Cochrane Collaboration tool for assess-
ing risk of bias scale, with low quality studies 
marking -, and high-quality studies marking + 
and using standard criteria (Randomized method, 
allocation concealment, double blinding, incom-
plete, outcome data, selective reporting, other 
bias of follow-up).

Statistical analysis 
Data analyses were performed in Review 

Manager Version 5 (The Nordic Cochrane 
Centre, Copenhagen, Denmark). We planned 
to analyze heterogeneity using a Chi² test on 
N-1 degrees of freedom, with an alpha of 0.05 
used for statistical significance and with the 
I²-test. Fixed effects model meta-analyses were 
performed as sensitivity analysis (Q-statistic: 
p<0.10; I2 <50%) and reported when the conclu-
sions differed from the random effects model 
meta-analysis (Q-statistic: p>0.10; I2>50%). And 
all 2-sided p <0.05 was considered to indicate 
statistical significance.

RESULTS 

Main Results
The review identified 154 abstracts of poten-

tial studies totally after removing duplicates, 34 
references were left for further evaluation. We ex-
cluded the studies and trials that had not reached 
our inclusion standard after reading abstracts of 
references, 14 studies were retrieved for further 
assessment. After screening, five studies met our 
inclusion criteria and nine were excluded (Figure 
1). Of the five studies, 3 were retrospective stud-
ies, and the remaining 2 were cohort studies10-14.

Description of Included Studies 
Characteristics

The included trials were retrospective studies 
and cohort studies. The trials were designed to 
assess the changes index in serum creatinine, al-
bumin, eGFR, PLA2R-Ab-depleted patients, par-
tial or complete remission (Table I). The included 
studies enrolled patients totally 351 cases, and the 
mean age ranging from 47 to 64 years and the 
proportion of men from 60% to 100%. Most trials 
included adverse events related with MN patients. 
The treatment follow-up duration ranged from 6 
months to 40 months.

Publication Bias
We could not run the funnel plots for the 

relationships of treatment with index in this sys-
tematic review. As the incomplete outcome data 
had been reported, it was unclear whether presen-

Figure 1. The trial flow diagram 
in this meta-analysis illustrates the 
search methods.
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tation of selective reporting could lead to some 
bias. Assessment of risk of bias was conducted 
by investigating random sequence generation, al-
location concealment, blinding, completeness of 
outcome data and potential for selective reporting 
(Table II).

Over All Efficacy and Safety 
of Rituximab Using Standard Meta-
Analysis

Remissions
The figures show the overall efficacy and safe-

ty of rituximab with membranous nephropathy 
or comparator. 3 studies reported the complete 

or partial remissions with rituximab monothera-
py. Compared to placebo, rituximab had higher 
complete remissions rate (OR=1.6, 95%; CI 0.96 
to 2.66; I2 of 0% indicating no heterogeneity) ap-
pears in Figure 2 and no difference between two 
groups on partial remissions (OR= 0.78; 95% CI 
0.19 to 3.19; I2 of 81% indicating heterogeneity) 
appears in Figure 3.

Secondary End Points
Serum albumin level (g/dL)

Three studies reported the results of serum 
albumin level (Figure 4) (MD=0.2; 95% CI -0.29 
to 0.69; I2 of 85% indicating heterogeneity) and it 
had no difference between two groups.

Table I. Characteristics of included studies.

Study Population  Age Men  Follow-up Index  Events Attrition
  sample  (y)  (%) duration    bias (loss/
  size       events 
        ratio)

Cravedi 11/ 11 48.6 / 91/91 24 month Serum creatinine, Infectious 0%
 et al 201110   50.1    albumin,   complications
      remission  

Jajg 100/103 51.5/ 72/76 40 month Partial or complete  Fatal, Major Not reported
 et al 201612   55.3    remission  cardiovascular
       events, Infections 

Dahan 37/38 53/58.5 75.7/ 6 month Remission, albumin, Cardiac and vascular  0%
 et al 201611      63.2   creatinine, eGFR,  disorders, Cancer, 
      PLA2R-Ab– Pain and fever
      depleted patients,   
      Remission 
       
Cortazar 7/8 52/64 71/38 12 month Remission, the  Interval infections, Not reported
 et al 201713      change in proteinuria, hospitalizations,
      creatinine, albumin,  or other
      cholesterol  complications 
       
Wang 15/21 47.3/ 60/100 12 month Albumin, creatinine,  Soft tissue infection 0% 
 et al 201714  51.4    eGFR, change 
      of e GFR

Table II. Cochrane Collaboration tool for assessing risk of bias.

Notes: Cochrane Collaboration tool for assessing risk of bias, +low risk of bias, - high risk of bias, ?unclear risk of bias.

Study Year Randomized Allocation Double Incomplete Selective Other
  method concealment blinding Outcome reporting bias
     data 
    
Cravedi 201110 2011 + + – – + +
Jajg 201612 2016 + + – – + +
Dahan 201611 2016 + + + + + +
Cortazar 201713 2017 – + – – + –
Wang 201714 2017 – + – – + –
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Serum creatinine (mmol /L)
Three studies reported the results of the serum 

creatinine level (Figure 5) (MD=-0.11; 95% CI 
-0.42 to 0.20; I2 of 76% indicating heterogeneity) 
and it had no difference between two groups.

eGFR (ml/min per 1.73 m2)
Dahan 2016 reported the results of eGFR 

(Figure 6) (MD=-0.69, 95% CI -14.53 to 0.73) and 
rituximab group had lower value of eGFR than 
the placebo group.

24-hour proteinuria (g/24 h)
Cravedi 2011 reported the results of 24-hour 

proteinuria (Figure 7) (MD=-0.20, 95% CI -2.33 
to 1.93) and it had no difference between two 
groups.

Clinical Characteristics of Rituximab 
Treatment

With the existed of high-level heterogeneity, 
we tried to reveal the factors of remission and no 
remission MN patients who received treatment 
with rituximab. Wang 2017 reported the differ-

ence between remission and no remission with 
the therapeutic of rituximab one GFR (Figure 8) 
(MD=10.30, 95% CI -11.59 to 32.19) and it had 
no difference between groups. It also reported 
the difference with the therapeutic of rituximab 
on proteinuria and albumin (Figures 9 and 10) 
(MD=7.20, 95% CI -9.07 to -5.33) (MD=10.70, 95% 
CI 7.23 to 14.17), showed the serum of proteinuria 
and albumin have relationship with complete or 
partial remissions with rituximab monotherapy.

Figure 2. Forest plot and the random effects meta-analysis 
showing the difference between rituximab and placebo on 
the complete remissions rate on patients with membranous

Figure 3. Forestplot and the random effects meta-analy-
sis showing the difference between rituximab and placebo 
on the partial remissions rate on patients with membranous 
nephropathy.

Figure 4. Forest plot and the random effects meta-analysis 
showing the difference between rituximab and placebo on 
the serum of albumin. Included patients have membranous 
nephropathy.

Figure 5. Forest plot and the random effects meta-analysis 
showing the difference between rituximab and placebo on 
the serum creatinine on patients with membranous nephrop-
athy.

Figure 6. Forest plot and the random effects meta-analysis 
showing the difference between rituximab and placebo on 
eGFR. Included patients have membranous nephropathy.

Figure 7. Forest plot and the random effects meta-analysis 
showing the difference between rituximab and placebo on 
24-hour proteinuria (g/24 h). Included patients have mem-
branous nephropathy.

Figure 8. Forestplot and the fixed effects meta-analysis 
showing the difference between remissions and no remis-
sions with the therapeutic of rituximab on the serum of 
eGFR.

Figure 9. Forestplot and the fixed effects meta-analysis 
showing the difference between remissions and no remis-
sions with the therapeutic of rituximab on the serum of pro-
teinuria.
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Rituximab Related SAEs

Infusion reactions
Brand 2016 reported the results of infusion 

reactions events (Figure 11) (OR=81.37, 95% CI 
4.89 to 1354.41) and rituximab group had higher 
rate of serious hypertension events than the pla-
cebo group.

Infections
Two references reported the infections (Fig-

ure 12) (OR=0.24, 95% CI 0.04 to 1.40) and no 
difference between groups on the occurrence rate 
of infections.

Cardiovascular disease events
Two references reported the cardiovascular 

disease events (Figure 13) (OR=3.30, 95% CI 0.76 
to 14.38) and no difference between groups on the 
occurrence rate of cardiovascular disease events.

Discussion

Main Results of the Study
As the unclear of efficacy and safety of corti-

costeroid monotherapy and rituximab, it was not 
recommended in first-line therapy15-17. Alternative 
regimens for initial therapy in MN consist of 
cyclosporine or tacrolimus, particularly in pa-
tients who had contraindications to the Ponticelli 
regimen18-20. Some researches5,21-23 about MN had 
been improved by the identification of pathogenic 
mechanisms underlying this disease and the con-
sequent introduction of targeted therapy based on 
depleting circulating B cells to induce remission 
of disease and a reduction of proteinuria. Ritux-
imab may prove to be a viable treatment option 
for MN and our systematic review of the rapidly 
growing literature not only shows the excitement 
about its potential uses in MN but also demon-
strated the following.
1. Rituximab could beneficial to MN with low 

risk of progression and reduction of protein-
uria. KDIGO guidelines suggest the long term 
of observation period without immunosup-
pressive therapy for patients with spontaneous 
had low risk of progression and reduction 
of proteinuria24,25. It is necessary to monitor 
disease activity to evaluation of index that 
define the response to therapeutic regimen 
with rituximab. One trial analyzed 122 MN 
patients treatment with rituximab, and tak-
ing notes of anti-PLA2R antibodies and 24-h 
proteinuria26,27. Also the present cohort study 
38 patients showed a significant reduction on 
24-h proteinuria and an improvement of albu-
minemia with the MN patients28. 

2. Rituximab appears to be effective in achiev-
ing complete remissions or partial remissions. 
Several studies13,19,29-31 have been analyzed the 
efficacy and safety of rituximab in the treat-
ment of MN. In conclusion, about 82.6% MN 
patients had been remission with rituximab 
therapy at 12 months. The composite end-
points of complete or partial remission was 
achieved by 76.3%10,11,14. While the results of 
our study were not all similar to data pub-
lished now; it showed complete remission on 
rituximab treatment had a better advantage 
than placebo therapies, but no statistically 
significant differences between treatments on 
partial remission. These result differed from 
other published data in the similar studies 
which had high relevant with the disease re-
mission.

Figure 10. Forestplot and the fixed effects meta-analysis 
showing the difference between remissions and no remis-
sions with the therapeutic of rituximab on the serum of al-
bumin.

Figure 11. Forest plot and the fixed effects meta-analysis 
showing the difference between rituximab and placebo on 
the rate of infusion reactions events.

Figure 12. Forest plot and the fixed effects meta-analysis 
showing the difference between rituximab and placebo on 
the occurrence rate of infections.

Figure 13. Forest plot and the fixed effects meta-analysis 
showing the difference between rituximab and placebo on 
the occurrence rate of cardiovascular disease events.
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3. Rituximab could effectively reduce albumin 
and proteinuria in MN patients who were 
failed to respond with the previous treatment 
on unselective immunosuppression. Some 
studies10,28,31,32 also demonstrated the long-term 
risk or benefit profile of this novel on different 
dose between rituximab and disease-specific 
approach that of commonly employed im-
munosuppressive drugs. Rituximab thus pro-
motes sustained disease remission in patients 
especially for the ESRD with MN need to 
improve serum albumin and proteinuria for 
long-term therapeutic regimen duration.

4. Rituximab monotherapy was not demonstrated 
safer in this review and have higher rate of in-
fusion reactions events. The occurrence rate of 
cardiovascular disease events were monitored 
in this studies and we found no advantages with 
rituximab on treatment safety8,11,14,30. Adverse 
events and unexpected changes in clinical or 
laboratory parameters were reported in pa-
tient with MN. But some researches17,19 showed 
the fewer non-serious events in the rituximab 
group and compared to patients treated with 
the combined immunosuppressive regimen, 
patients treated with rituximab were far less 
likely to suffer serious adverse events. 

5. Effective trials of rituximab in MN requires 
to be multifaceted approach, of which multi-
center and open label controlled randomized 
trial are important components. One RCT 
named the STARMEN study is now going on 
to evaluate the efficacy of sequential treatment 
with rituximab versus steroids plus cyclophos-
phamide in patients with primary membra-
nous nephropathy. It’s a formal, prospective 
and randomized trial with higher quality of 
patients with primary MN. And other sim-
ilar trial on rituximab with in patients with 
idiopathic membranous nephropathy named 
MENTOR11 will test for the time to remissions 
and NS relapses, first time of the side effects 
and long-term renal survival.

Quality and Biases of the Study
The limitation of this review was significant in-

ter study heterogeneity and we should be mentioned 
here. First, the outcome data collection was incom-
prehensive almost from the clinical and follow-up 
records and we were not able to obtain raw data 
from the authors which may result in underestima-
tion statistical bias or error. Second, this potential 
limitation applied to different patients and follow-up 
duration and therefore was likely expected to trans-

late into a systematic bias to the disadvantage of 
the two treatment groups. Finally, the results were 
based on only five small sample size studies, few 
measurable data on the clinic endpoint and main 
primary outcomes, which increases the possibility 
of publication bias and could reduce the evaluation 
power. 

Authors’ conclusions 
Based on the results from above meta-analy-

sis study, the overall benefit profile of rituximab 
seems superior to that of other immune suppres-
sants considered for the therapy for MN. Ritux-
imab have significant advantages over other ther-
apies on the complete remissions on MN patients 
and also in terms of clinical main outcomes. The 
safety and the appropriate dose of the drug and 
the long-term therapeutic effects were somehow 
unknown, as the appropriate treatment period and 
some acute complications related with rituximab 
remain unclear. While this conclusion is based on 
some observational studies and small clinical tri-
als, the available conclusions and evidences should 
be weighed all-around and we expect future RCT 
trials will disclose the long-term efficacy and safe-
ty of rituximab therapy for MN and also could be 
administered with the relationship to rituximab. 
Above all, we suggest that, taking consideration of 
long-term therapeutic side effects and dose of the 
drug, rituximab might replace cyclophosphamide 
and steroids as first-line immunosuppressive ther-
apy in MN patients
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