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Abstract
Rituximab (RTX) and cyclophosphamide (CYC) based treatments are both recommended as first-line therapies 
in idiopathic membranous nephropathy (IMN) by KDIGO 2021 guideline. However, the efficacy of RTX vs. CYC-
based treatments in IMN is still controversial. We performed this systemic review and meta-analysis registered 
in PROSPERO (CRD 42,022,355,717) by pooling data from randomized controlled trials or cohort studies in IMN 
patients using the EMBASE, PubMed, and Cochrane libraries (till Orc 1, 2022). The primary outcomes were the 
complete remission (CR) rate + partial remission (PR) rate. CR rate, immunologic response rate, relapse rate, and the 
risk of serious adverse events (SAE) were secondary outcomes. Eight studies involving 600 adult patients with IMN 
were included with a median follow-up duration of 12 to 60 months. RTX induced a similar overall remission rate 
compared with CYC (RR 0.88, 95% CI: 0.71, 1.09, P = 0.23). At the follow-up time of 6 months, RTX was associated 
with a lower CR + PR rate compared with CYC (RR 0.67, 95% CI: 0.52, 0.88, P = 0.003). Moreover, RTX might be less 
effective in inducing CR + PR than CYC treatment in IMN patients with high antiPLA2R antibody levels (RR 0.67, 
95% CI: 0.48, 0.94, P = 0.02). The occurrences of CRs, relapse rates, immunologic response rates, and SAE were not 
significantly different between RTX and CYC, respectively. In conclusion, although the long-term efficacy and safety 
of CYC compared to RTX were comparable, CYC might respond faster and be more advantageous in IMN patients 
with high antiPLA2R antibody titers.
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Introduction
The leading cause of nephrotic syndrome in adults is 
idiopathic membranous nephropathy (IMN). IMN is an 
immune-mediated disease characterized by subepithe-
lial immune complex deposits and changes in the glo-
merular basement membrane1. Most patients with IMN 
have circulating autoantibodies against phospholipase 
A2 receptor (PLA2R) [1, 2], and 1–3% have antibodies 
against thrombospondin type-1 domain-containing 7  A 
(THSD7A) [3]. Some novel target antigens, such as neu-
ral epidermal growth factor-like 1 (NELL1), semaphorin 
3B (Sema3B), protocadherin 7 (PCDH7), and high-tem-
perature requirement A1 (HTRA1) have been identified 
in the remaining patients [4]. There is a strong correlation 
between antibody levels and progression risks in IMN 
associated with anti-PLA2R antibodies [5]. It is estimated 
that 5 to 30% of IMN patients with nephrotic syndrome 
experience spontaneous remission at five years, 15 to 30% 
have relapses, while 14 to 41% develop end-stage kidney 
disease over 15 years among those untreated patients 
with nephrotic syndrome [4].

Initially, patients with IMN receive supportive therapy; 
persistent nephrotic syndrome requires immunosup-
pressive therapy [6, 7]. IMN is mainly associated with 
B-cell dysfunction and immune complex deposition [4]. 
Most patients respond to alternating glucocorticoids and 
cyclophosphamide (CYC), but this regimen is associated 
with significant side effects, including hyperglycemia, 
infections, infertility, myelosuppression, and cancer [8, 9]. 
CYC decreases the production of nephrotoxic antibodies 
by profoundly but unselectively depleting B cells [10]. In 
recent years, rituximab (RTX), a monoclonal antibody 
that selectively depletes CD20 + B lymphocytes, shows 
promise in IMN treatment [11]. The Kidney Disease: 
Improving Global Outcomes (KDIGO) 2021 guidelines 
[12] recommend RTX or CYC combined glucocorticoids 
for six months, or calcineurin inhibitor (CNI) depending 
on the risk stratification. However, there is still no direct 
meta-analysis comparing the benefit and safety of RTX 
and CYC for IMN patients.

The STARMEN trial [13]found that alternating treat-
ment with CYC + corticosteroids was superior to sequen-
tial treatment with RTX + tacrolimus (TAC) in IMN. 
However, the RI-CYCLO trial [14] found no significant 
difference in RTX vs. CYC in MN patients. Moreover, 
van den Brand et al. [15] compared two cohorts treated 
with either RTX or CYC and steroids. In the RTX-treated 
group, the partial remission rate was lower. Considering 
the comparative evidence is controversial, we conducted 
this systemic review and meta-analysis to explore the effi-
cacy and safety of RTX vs. CYC based treatments in IMN 
patients.

Methods
This meta-analysis was registered in PROSPERO 
(CRD42022355717) and followed the PRISMA guideline. 
The search for relevant studies was performed using the 
EMBASE, PubMed, and Cochrane libraries till Orc 1, 
2022. We used ‘rituximab or CD20 Antibody or Rituxan’, 
‘cyclophosphamide or Cytophosphane or CYC’, AND 
‘membranous nephropathy or Membranous Glomeru-
lopathy or Heymann Nephritis or Membranous Glo-
merulonephritis’ as the MESH or keywords. The search 
strategy was listed in Supplement Table 1. There were no 
language or publication time limitations. Publications 
that addressed rituximab and cyclophosphamide in IMN 
were further reviewed.

Publications that met the following inclusion criteria 
were selected: (1) randomized controlled trials (RCTs) 
or cohort studies; (2) enrolled adult patients with IMN; 
(3) RTX and CYC were administrated in the treatments 
with or without other immunosuppressive agents like 
glucocorticoids, calcineurin inhibitors, etc.; and (4) The 
follow-up time was more than 6 months, with at least one 
of the following endpoints: complete remission (CR) rate, 
partial remission (PR) rate, relapse rate, immunologic 
response (IR) rate, or adverse events. The exclusion cri-
teria were: (1) ages < 18; (2) patients with secondary MN; 
(3) patients with another glomerulonephritis besides 
MN; (4) studies using other types of anti-CD20 antibod-
ies; and (5) letters, abstracts, reviews, or animal studies; 
(6) no data available for analysis. Selection of studies was 
done by XC, ZC, WJ, PJ, and LC.

The following information was extracted from the 
included studies by XC and DB independently: first 
author, year, study design, settings, country, treatments, 
gender, ages, follow-up times, the number of patients in 
each group, estimated glomerular filtration rate (eGFR), 
baseline serum albumin, serum creatinine, proteinuria, 
RTX doses, anti–PLA2R antibody (antiPLA2Rab) posi-
tivity, numbers of CR, PR, and relapse. Any discrepan-
cies between the two authors were solved by a discussion 
with a third author. CR was defined as a reduction of 
urinary protein: creatinine ratio (UPCR) from baseline 
to a value < 0.3  g/g plus stable eGFR; PR as a reduction 
of UPCR > 50% from baseline and a value < 3.5  g/g plus 
stable eGFR. Relapses were defined as a reappearance of 
proteinuria > 3.5 g/g. CR + PR rates were the primary out-
comes. CR rate, immunologic response rate, relapse rate, 
and severe adverse events (SAE) were the secondary out-
comes. Fenoglio et al.’s study had three arms with two of 
them using different amounts of RTX, we combined the 
RTX arms to perform the comparisons.

Assessment of the risk of bias in cohort studies was 
performed by two authors (XC and DB) independently. 
Cohort studies were evaluated using the Newcastle-
Ottawa Scale (NOS) with the quality of selection, 
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comparability, and exposure or outcome, while RCTs 
were evaluated by the Risk of bias tool (RoB2). The maxi-
mum score was nine points of NOS. The risk ratio (RR) 
and corresponding 95% confidence interval (CI) were 
used to compare the efficacy and safety of RTX and 
CYC in Review Manager 5.4. Statistical heterogeneity in 
the results was evaluated by I2 statistics. When I2 < 25%, 
there was low heterogeneity; when 25% < I2 < 75%, there 
was moderate heterogeneity; and when I2 > 75%, there 
was high heterogeneity. The random effects meta-analy-
sis model was used in all results. The source of hetero-
geneity was explored by further subgroup analysis by 
different follow-up times, settings, drug combinations, 
and antiPLA2Rab cutoff levels (100 RU/ml). Sensitivity 
analysis was performed by excluding each study once at 
a time and changing models. Publication bias was inves-
tigated by the funnel plot, Begg’s test, and Egger’s test. 

A two-sided P value < 0.05 was considered statistically 
significant.

Results
Literature search
The initial process of searching for relevant studies found 
128 publications (Fig. 1). After the exclusion of 107 dupli-
cates and irrelevant studies, 21 potentially eligible studies 
were further screened. Finally, 8 studies [13–18] involv-
ing 600 adult patients with IMN were included.

Study characteristics
The baseline characteristics of the enrolled studies were 
shown in Table 1. There were 2 RCTs [13, 14], 2 prospec-
tive cohort studies [16, 18], and 4 retrospective cohort 
studies [15, 17, 19, 20]. Five studies [16–18] were per-
formed in single centers and while the rest [13–15] were 

Fig. 1 The flowchart of study identification, inclusion, and exclusion
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in multi-centers. Sample sizes of enrolled studies ranged 
from 36 to 203. The median follow-up time ranged from 
12 to 60 months. The mean ages of included patients 
ranged from 48 to 67 years old. Six studies [13–15, 17, 
18] were performed in Europe, and two studies [16, 20] 
in Asia. Most of the studies reported estimated glo-
merular filtration rate (eGFR): median range, 37 to 91 
ml/min/1.73m2, serum creatinine levels: 0.9 to 1.7  mg/
dl, and serum albumin levels: 2.0 to 2.6 g/dl. Six studies 
[14–17, 19, 20] compared RTX with CYC + prednisone, 

and two studies [13, 18] compared RTX + TAC with 
CYC + prednisone. AntiPLA2Rab levels were reported in 
six studies [13, 14, 16, 18, 20] with a median level of 58 to 
259 RU/ml and used the same assay kit (Table 2). Median 
levels of proteinuria in the included studies were from 
5.1 to 12.3 g/d. RTX dosages in different studies included 
1 × 375 mg/m2 or 1 g [17], 4 × 375 mg/m2 (1-week inter-
val), or 2 × 1 g (2 weeks interval).

Table 2 Efficacy and severe adverse events in included studies
Author Year Treatment Sam-

ple 
size 
(N)

CR + PR, 
N (%)

CR, N 
(%)

NR, 
N 
(%)

Re-
lapse 
N (%)

SAE 
Pa-
tients, 
N (%)

Immunological
response, N (%)

Fund-
ing
(N)

RTX dose

Medrano [18] 2014 RTX + TAC 53 49 (92.5) 28 (57) 4 
(7.5)

0 (0) NA 77% at 12 months None RTX 1 g on days 
1 and 15 or 4 
weekly doses of 
375 mg/m2

CYC + CS 26 19 (73) 6 (32) 7 
(27)

0 (0) NA 58% at 12 months

van den Brand [15] 2017 RTX 100 64 (64) 26 (26) NA NA 9 (9) NA 3a RTX 4 weekly doses 
of 375 mg/ m2

CYC + CS 103 89 (86.4) 34 (33) NA NA 30 
(29.1)

NA

Fenoglio [17] 2020 RTX low 14 13 (92.8) 12 
(85.7)

1 (8) 1 (8) 1 (8) 93% at 3–6 months None 1 dose of RTX 
375 mg/m2

RTX standard 14 13 (92.8) 13 
(92.8)

1 (8) 0 (0) 2 (15) 93% at 3–6 months RTX 4 weekly doses 
of 375 mg/ m2

CYC + CS 14 12 (85.7) 12 
(85.7)

2 
(17)

1 (8) 3 (25) NA

Fernandez-Juarez 2020 RTX + TAC 43 25 (58) 11 (26) NA 3 (12) 6 (14) 45%, 70%, 79%, 83% 
at 3, 6, 12, and 18 
months

10 b RTX 1 g

[13] CYC + CS 43 36 (84) 26 (60) NA 1 (2) 8 (19) 77%, 92%, 88%, 88% 
at 3, 6, 12, and 18 
months

Scolari [14] 2021 RTX 37 17/20 
(85)

6/20 
(30)

NA 3 (13) 7 (19) 63%, 62%, and 91% 
at 6, 12, and 18 
months

None RTX 1 g on days 1 
and 15

CYC + CS 37 16/22 
(73)

7/22 
(32)

NA 6 (22) 5 (14) 50%, 56%, and 73% 
at 6, 12, and 18 
months

Ramachandran [16] 2021 RTX 13 5 (38.5) NA NA NA 5 (38.5) NA 2c RTX 4 weekly doses 
of 375 mg/ m2

CYC + CS 49 24 (49) NA NA NA 24 (49) NA
Hussain [19] 2022 RTX 25 10 (24) 4 (17) NA NA NA NA None NA

CYC 25 19 (57) 5 (20) NA NA NA NA NA
Zhou [20] 2022 RTX 16 10 (62.5) NA NA NA NA NA None RTX 1 g

CYC + CS 20 16 (80) NA NA NA NA NA
RTX, rituximab; CYC, cyclophosphamide; CS, cyclical steroid; CR, complete remission; PR, partial remission; NR, no response; SAE, severe adverse events; NA, not 
available. Immunologic response was defined by a level of antiPLA2Rab < 20 RU/ml. a European Union Seventh Framework Programme FP7/2007–2013 grant 305,608: 
European Consortium for High-Throughput Research in Rare Kidney Diseases. Dutch Kidney Foundation grants DKF14OKG07 and KJPB11.021. b Instituto de Salud 
Carlos III/Fondo Europeo de Desarrollo Regional (ISCIII/FEDER) grants PI13/02495 and ICI14/00350, Red de Investigación Renal (RedInRen) (RD12/0021/0029), ERA-
EDTA, Fundación Renal Iñigo Álvarez de Toledo (FRIAT), Fundación para laInvestigación Biomédica Hospital 12 de Octubre (iþ12), Centre National de la Recherche 
Scientifique, Fondation Maladies Rares (LAM-RD_20170304), National Research Agency (ANR, grants MNaims ANR-17-CE17-0012-01), “Investments for the Future” 
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Qualities of included studies
Quality ratings of included cohort studies [15–20] were 
listed in Supplement Table  2. Four studies [13–18] 
scored ≥ 7 points, while two studies [19, 20] scored 5 
points with low quality. RoB2 showed that two RCTs 
[13, 14] were both open-labeled, and the risks of alloca-
tion concealment and blinding of participants were high 
(Supplement Fig. 1).

Complete remission and partial remission rate
All included studies [13–18] addressed the rate of 
CR + PR. RTX treatment was associated with a simi-
lar probability of CR + PR rate compared with the CYC 
group at the last follow-up (RR 0.88, 95% CI: 0.71, 1.09, 
P = 0.23, Heterogeneity I2 = 74%, Fig.  2). Publication bias 
was not significant (Begg’s test: P = 0.707, and Egger’s test: 
P = 0.647, Supplement Fig.  2). Sensitivity analysis found 
stable results (Supplement Fig. 2).

At the follow-up time of 6 months, RTX was associated 
with a lower CR + PR rate compared with CYC (RR 0.67, 
95% CI: 0.52, 0.88, P = 0.003). However, at the follow-up 
time of 12 months and 24 months (Fig. 2), there were no 
statistical significances of CR + PR rate between RTX and 
CYC (RR 0.88, 95% CI: 0.61, 1.26, P = 0.48; RR 0.93, 95% 
CI: 0.72, 1.19, P = 0.55, respectively).

Subgroup analysis by antiPLA2Rab levels also found 
different results. RTX was associated with a lower risk 
of CR + PR compared with CYC in patients with rela-
tively high antiPLA2Rab levels (3 studies, RR 0.67, 95% 
CI: 0.48, 0.94, P = 0.02) but not in studies with lower anti-
PLA2Rab levels (2 studies, RR 0.79, 95% CI: 0.35, 1.80, 
P = 0.57). Subgroup analysis by different clinical settings 
and treatment combinations did not find significant dif-
ferences in CR + PR rate (Supplement Fig. 3). Moreover, a 
subgroup analysis by the dosing of Rituximab (low: 1 g vs. 
standard dosing: RTX 1 g on days 1 and 15 or four weekly 
doses of 375 mg/m2). The results did not find statistically 
significant differences between low and standard dosing 
of RTX vs. CYC on CR + PR rate in IMN (Supplement 
Fig. 3).

Complete remission rate
RTX treatment was associated with a non-inferior prob-
ability of CR rate compared with the CYC group at the 
last follow-up (6 studies, RR 0.90, 95% CI: 0.60, 1.35, 
P = 0.61, Heterogeneity I2 = 67%, Fig.  3). Publication bias 
was not significant (Begg’s test: P = 0.625, and Egger’s test: 
P = 0.187, Supplement Fig.  4). Sensitivity analysis found 
stable results. At the follow-up time of 6 months, 12 
months, and 24 months, there were no statistical signifi-
cances of CR rate between RTX and CYC (RR 0.41, 95% 
CI: 0.02, 8.99, P = 0.57; RR 0.71, 95% CI: 0.2, 2.53, P = 0.60; 
RR 0.81, 95% CI: 0.41, 1.61, P = 0.55, respectively).

Immunologic response rate
Immunologic response was defined by a level of anti-
PLA2Rab < 20 RU/ml [14]. At the follow-up time of 6 
months, 12 months, and 24 months, there were no statis-
tical significances of immunologic response rate between 
RTX and CYC (2 studies, RR 0.85, 95% CI: 0.43, 1.67, 
P = 0.63; 3 studies, RR 1.06, 95% CI: 0.79, 1.43, P = 0.68; 2 
studies, RR 1.05, 95% CI: 0.80, 1.39, P = 0.73, respectively, 
Fig. 4).

Relapse rate
There was no statistically significant difference in the 
relapse rate between RTX and CYC (4 studies, RR 0.70, 
95% CI: 0.27, 1.86, P = 0.48, Heterogeneity I2 = 0%, Fig. 5).

Severe adverse events
SAE was defined as death, disability, and a series of life-
threatening events. RTX was not associated with a non-
significantly lower risk of SAE compared with CYC (Five 
studies, RR 0.64, 95% CI: 0.37, 1.09, P = 0.10, Heteroge-
neity I2 = 42%, Fig.  6). Publication bias was not statisti-
cally significant (Begg’s test: P = 0.806, and Egger’s test: 
P = 0.516, Supplement Fig.  5). Sensitivity analysis found 
stable significant results.

Discussion
This systemic review compared the efficacy and safety 
of RTX and CYC treatments for IMN by meta-analysis. 
We found that although CYC was not significantly differ-
ent from RTX on risks of long-term proteinuria remis-
sion, immunologic response, relapse, and SAE in IMN 
patients, CYC might be more effective in inducing over-
all proteinuria remission than RTX in IMN patients with 
relatively high antiPLA2Rab levels and responded faster 
in the short term (at 6 months).

Given that the quality of the evidence frequently dif-
fered between outcomes, we ranked the quality of the 
evidence that was most appropriate to each outcome. An 
overall GRADE quality rating was assigned to a body of 
evidence across outcomes, typically by selecting the piece 
of evidence with the lowest quality out of all outcomes 
that are important for making decisions [21, 22]. Four 
levels of evidence are used by GRADE: high, moderate, 
low, and very low [22]. The included studies underwent 
a thorough quality assessment, utilizing standardized 
tools such as the Cochrane RoB tool or NOS for obser-
vational studies. The overall risk of bias across the two 
RCTs was the lack of blinding and allocation conceal-
ment, highlighting potential limitations [13, 14]. The 
main risk of bias across the 6 cohort studies came from 
two small sample-sized retrospective studies with short 
or inadequate follow-up that might affect the validity of 
the findings [19, 20]. The GRADE certainty rating of the 
results in this study was low. However, this study offers 
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Fig. 2 Comparison of complete and partial remission rate between rituximab and cyclophosphamide groups in IMN patients
CR, complete remission; PR, partial remission
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valuable insights into the research topic, and its quality 
assessment supports its credibility and reliability.

According to KDIGO Guideline for glomerular dis-
ease in 2021, RTX and CYC are both recommended as 
the first-line therapy of high-risk IMN patients, which is 
consistent with our findings [12]. Thus far, the only RCT 
to directly compare RTX with CYC is the RICYCLO trial. 
This open-label trial found similar probabilities of CR at 
24 months in both groups. Another RCT, the STARMEN 
trial, indicated that alternating treatment with steroids 
and CYC was superior to sequential treatment with TAC 
and RTX in IMN. On one side, the combination of TAC 
with RTX in an inadequate dose (1  g) would be bound 
to have a lower remission rate. On the other side, the 
patients in the TAC/RTX group had higher antiPLA2Rab 
titers, which might make the RTX less effective.

Three traditional direct meta-analyses have reported 
the efficacy of RTX or CYC in the treatment of IMN 
(summarized in Table 3) [23–25]. Zhang et al. found sig-
nificant differences between RTX and the placebo group 

in CR rate [24]. Lu et al. found that RTX did not statisti-
cally improve the total remission rate (OR = 1.63, 95%CI 
0.48–5.54, P = 0.43) compared with the control group 
(including CYC) [25]. Nevertheless, traditional meta-
analyses did not distinguish CYC from the immunosup-
pressive treatments and made the direct comparison 
between RTX and CYC not clear enough. The recently 
published network meta-analysis partly overcame this 
limitation. There have been six network meta-analyses in 
the treatment of IMN, but none of them found significant 
differences of remission between RTX and CYC (Table 3) 
[26–31]. The network meta-analysis by Zheng et al. in 
2019 covered 13 immunosuppressive agents in IMN and 
found that TAC and CYC are superior to other immuno-
suppressive agents including RTX in terms of total remis-
sions but with no statistical significance [29]. However, 
two key additional RCTs as STARMEN and RICYCLO 
have been published since 2019 [13, 14]. The network 
meta-analysis by Bose et al. in 2022 found that CYC 
had nonsignificant effects on inducing CR compared 

Fig. 3 Comparison of complete remission rate between rituximab and cyclophosphamide groups in IMN patients
CR, complete remission
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Fig. 6 Comparison of rates of severe adverse events between rituximab and cyclophosphamide groups in IMN patients

 

Fig. 5 Comparison of relapse rate between rituximab and cyclophosphamide groups in IMN patients

 

Fig. 4 Comparison of immunologic response rate between rituximab and cyclophosphamide groups in IMN patients
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with RTX (OR 0.35, CI 0.10–1.24) [31]. Another net-
work meta-analysis by Chen et al. in 2022 showed that 
RTX and steroid + CYC both were better treatments 
than others for total remissions in patients with protein-
uria < 8  g/d [30]. Compared with the above studies, our 
direct meta-analysis included more studies and came to 
novel findings on the efficacy in different follow-up peri-
ods and antiPLA2Rab levels.

The previous meta-analysis did not distinguish the 
effects of RTX/CYC on patients with different anti-
PLA2Rab levels. Our study combining direct evidence 
verified that total remissions in the RTX group were less 
achievable in patients with relatively high antiPLA2Rab 
levels > 150 RU/ml. This result was supported by the 
finding that RTX was less effective in inducing an immu-
nologic remission than CYC in patients with high anti-
PLA2Rab levels by Van de Logt et al [32]. In patients 
with the highest tertile of antiPLA2Rab levels (> 150 RU/
ml), antiPLA2Rab levels decreased to levels < 14 RU/ml 
(cutoff value of positive and negative) in 86% of patients 
treated with CYC, and in 23% of patients treated with 
RTX [32]. One potential explanation for the differential 
response is the high burden of antiPLA2Rab in patients 
with high antibody levels. RTX primarily targets CD20-
expressing B cells, while its efficacy against pre-existing 
antibodies may be limited [33]. In contrast, CYC is an 
alkylating agent that suppresses immune function by 
interfering with DNA replication and cellular division. 
CYC affects a broader range of immune cells, including 

T cells B cells, and plasma cells, potentially leading to a 
more robust reduction in antiPLA2Rab levels [34]. The 
pharmacokinetic and pharmacodynamic properties of 
RTX and CYC may also play a role in the observed dif-
ferences. RTX has a longer half-life, allowing for sus-
tained B-cell depletion over time [35]. The sustained 
B-cell depletion achieved by RTX might be more effec-
tive in reducing subsequent autoantibody production in 
patients with low antiPLA2Rab levels but less efficient in 
patients with preexisting high antibody titers. Interest-
ingly, in a recent study using a cutoff of 150 RU/ml, anti-
PLA2Rab levels could identify IMN patients at high risk 
with a specificity of 80% [36]. Moreover, IMN is a hetero-
geneous disease, and factors beyond antiPLA2Rab levels 
may influence treatment response. Variations in underly-
ing immunologic and genetic factors among patients may 
contribute to differences in treatment outcomes. Further 
research is needed to better understand the specific char-
acteristics of patients with high antiPLA2Rab levels and 
their response to different therapeutic approaches.

Another interesting finding of the results was that RTX 
was associated with a lower CR + PR rate compared with 
the CYC group at the 6-month follow-up, while there 
were no significant differences at 12 months and the last 
follow-up. The differential response time may be attrib-
uted to different pharmacokinetics between RTX and 
CYC. RTX might take a longer time to lower the high 
antiPLA2Rab levels than CYC. It is postulated that the 
slower initial response observed with RTX at 6 months 

Table 3 Published meta-analysis or systemic reviews about RTX vs. CYC in the treatment of IMN
Author Year Meta-analysis type Num-

ber of 
arms

Number 
of studies

Treat-
ment 
group

Control group Risk ratio of overall 
remission

Risk ratio of 
complete 
remission

Conditions

Lu [25] 2020 Direct meta-analysis 2 8 RTX Other treatments 
including CYC

1.6, 95% CI 0.48–5.54 NA

Zhang [24] 2018 Direct meta-analysis 2 5 RTX Other treatments 
including CYC

NA 1.6. 95% CI 
0.96–2.66

Ou [23] 2021 Direct meta-analysis 2 11 RTX Other treatments 
including CYC

3.06. 95% CI 
1.35–6.94

2.6. 95% CI 
0.86–7.89

Zheng [29] 2019 Network meta-analysis 13 48 CYC RTX 1.03. 95% CI 0.6–1.7 NA
Chen [30] 2022 Network meta-analysis 10 25 RTX CYC 1.32. 95% CI 

0.15–11.61
NA Protein-

uria < 8 g/d
CYC RTX 1.42. 95% CI 

0.21–9.65
NA Protein-

uria > 8 g/d
CYC RTX + TAC 1.00. 95% CI 

0.15–6.55
NA Protein-

uria > 8 g/d
Bose [31] 2022 Network meta-analysis 13 56 CYC RTX NA 0.35. 95% CI 

0.10–1.24
Dai [27] 2020 Network meta-analysis 9 75 RTX CYC 1.51. 95% CI 0.7–3.21 NA
Chen [28] 2022 Network meta-analysis 9 24 RTX < 2 g CYC 0.35. 95% CI 

0.08–1.62
NA At 12 

months
RTX > 2 g CYC 0.5. 95% CI 0.16–1.57 NA At 12 

months
Liu [26] 2022 Network meta-analysis 12 51 RTX CYC 1. 95% CI 0.72–1.39 NA
RTX, rituximab; CYC, cyclophosphamide; NA, not available
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could be due to the time required for B-cell repopulation 
and subsequent immune reconstitution [35]. In contrast, 
CYC’s broader immunosuppressive effects may lead to 
an earlier and more rapid reduction in disease activity, 
resulting in higher response rates at this specific time 
point. The absence of significant differences in response 
rates between RTX and CYC at 12 months and the last 
follow-up suggested that the delayed response observed 
with RTX at 6 months did not persist over time. Long-
term follow-up studies have indicated that RTX may have 
sustained effects, with response rates eventually reaching 
similar levels to those achieved with CYC. These find-
ings might help us choose the individualized therapeutic 
strategy. If an IMN patient with a high antiPLA2Rab titer 
showed mild and moderate symptoms with no severe 
complications (such as refractory dropsy, embolism, 
AKI, and so on), either RTX or CYC plus steroid could 
be selected. However, when the patient with a high anti-
PLA2R1ab titer and severe complications was awaiting 
prompt remission, CYC plus steroid might be a better 
option. If the patient has some contraindications of ste-
roids, RTX combination with CNI or CYC might be cho-
sen as a candidate strategy.

Besides the comparable efficacy between RTX and 
CYC, the safety also was compared in this study. 
Although the result was insignificant, RTX showed a ten-
dency for fewer SAEs. This point coincided with van den 
Brand et al. who showed that the rates of SAE, including 
fatal events, were significantly higher in the CYC group 
[15]. There were a total of 9 deaths in the CYC group, 
and five were directly attributed to CYC (infections and 
malignancies); there were 4 deaths in the RTX group, 
and none were attributed to RTX. Similarly, the nonseri-
ous adverse events were significantly higher in the CYC 
group (127 events) vs. RTX (52 events). The side effects 
included infections, myelotoxicity, hyperglycemia, and 
malignancies. However, the safety conclusion still needs 
more studies to confirm.

Previous literature has shown that inadequate dosing 
of RTX may impact the remission outcome in IMN [15]. 
However, we did not find significant differences between 
low and standard dosing of RTX vs. CYC on CR + PR rate 
in IMN. There are not enough studies comparing low 
doses of RTX and CYC in IMN, which necessitates addi-
tional research in the future.

This study has several limitations. The sample size of 
included studies was limited. Although the publication 
bias and funnel plot results were insignificant, results 
of this meta-analysis are non-conclusive because of the 
small number of studies included. The studies were of 
variable methodological quality. The effect of confound-
ing factors in the cohort studies was not included. There 
was also considerable heterogeneity concerning partici-
pant characteristics (e.g., baseline proteinuria and kidney 

function), interventions (e.g., CYC vs. RTX + TAC, CYC 
vs. RTX 375  mg/m2, CYC vs. RTX 2  g), outcome defi-
nitions (CR and PR), follow-up periods (12 months–6 
years) and definition of high levels of antiPLA2Rab. How-
ever, the capacity to explore potential sources of hetero-
geneity due to these factors was limited by the number 
of included studies. Moreover, we could not divide IMN 
patients into moderate, high, and very-high-risk groups 
to further compare the efficacy of the two drugs due to 
limited data. Also, peripheral CD 19 count was not avail-
able, which would be helpful to better establish thera-
peutic efficacy given the heterogeneity in Rituximab 
regimens. Last, one paradox of the results was that the IR 
rate at 6 months was out of accord with the overall remis-
sion rate at 6 months between RTX and CYC. Although 
immunological remission always happens before clinical 
remission in antiPLA2R-associated IMN patients, IR was 
calculated in antiPLA2Rab positive patients while the 
clinical remission rate was based on all patients. There-
fore, when only two studies with different proportions 
of antiPLA2Rab positive INN patients (77% vs. 66%) 
were included, the immunological remission and clinical 
remission might be inconsistent [13, 14]. Another pos-
sible explanation may be that the STARMEN study pre-
scribed TAC in the first 6 months before RTX, which 
may lead to the bias of CYC compared with RTX on IR at 
6 months [13]. Therefore, the IR results at 6 months still 
need more studies to prove.

In conclusion, although the long-term efficacy and 
safety of CYC compared to RTX were comparable, CYC 
might respond faster and be more advantageous in IMN 
patients with high antiPLA2Rab titers. The findings 
emphasize the need for further research and personal-
ized treatment strategies to optimize the management 
of IMN patients with high antiPLA2Rab levels. The use 
of antiCD20 agents should be further explored in IMN 
patients with different antiPLA2Rabs in the future.
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