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INTRODUCTION

Idiopathic membranous nephropathy (IMN) is the main 
pathological type of adult nephrotic syndrome in China.1 The 
incidence of IMN has increased significantly in recent years. 
Refractory membranous nephropathy is more likely to progress to 
end-stage renal disease (ESRD).2 Conventional regimens for the 
treatment of membranous nephropathy include glucocorticoids 
combined with cyclophosphamide and low-dose glucocorticoids 
combined with cyclosporine or tacrolimus (TAC), and the 
therapeutic effect is good. However, for refractory IMN, the above 
treatment options still have limitations.3 Antibodies produced 
by autoreactive B cells in patients with IMN are involved in the 
formation of glomerular subepithelial immune complexes, resulting 

in glomerular filtration barrier damage and proteinuria. Therefore, 
the selective intervention of antibody production by B-cells can be 
an ideal choice for the treatment of IMN.4 

Rituximab (RTX) is a kind of human/mouse chimeric monoclonal 
antibody that specifically binds to the CD20 receptor on the cell 
membrane of precursor B-cells and mature B-cells and induces 
antibody-dependent cytotoxicity and complement-dependent 
cytotoxicity B-lymphocyte apoptosis.5 The remission rate of RTX 
in the treatment of IMN is approximately 60-70%. For patients with 
IMN in whom traditional immunosuppressive regimens are not 
effective, RTX still has a good effect.6 The 2021 KDIGO Clinical 
Practice Guideline for the Management of Glomerular Diseases 
recommends using RTX in patients with high- and very-high-risk 
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membranous nephropathy and suggests that RTX and calcineurin 
inhibitor combination therapy can be applied in patients who 
showed relapses after remission.7 However, whether RTX single 
or combined with immunosuppressive therapy is more effective 
is still inconclusive, and whether adverse events will increase 
is unclear. To find a better treatment plan, this study aimed to 
investigate whether RTX combined with low-dose TAC is superior 
to RTX alone in the treatment of refractory IMN.

MATERIALS AND METHODS

Study participants 

The enrollment criteria were as follows: (1) age ≥ 18 years, 
(2) IMN diagnosed by renal biopsy within 24 months before 
enrollment, (3) urinary protein > 50% of baseline or nephrotic 
syndrome after regular treatment with immunosuppressive therapy 
other than RTX and TAC, and (4) estimated glomerular filtration 
rate (eGFR) ≥ 45 ml/min/1.73 m2.

The exclusion criteria were as follows: (1) secondary membranous 
nephropathy, i.e., membranous nephropathy caused by type 1 
or 2 diabetes mellitus, systemic lupus erythematosus, hepatitis 
B, hepatitis C, and heavy metals; (2) pregnancy or lactation; (3) 
presence of tumors and local or systemic infection; and (4) eGFR 
< 45 ml/min/1.73 m2.

Study design

All patients had at least one or more failed standard 
immunosuppressive regimens such as cyclophosphamide or 
cyclosporine but without TAC before RTX infusion, and all 
patients received conventional therapy such as angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers. They 
were divided into the RTX combined with TAC (RTX + TAC) 
group and the RTX alone (RTX) group. The RTX + TAC group 
received an RTX infusion of 1 g/time on days 1 and 15, twice in 
total. In the second month, 0.03 mg/kg/day of TAC was added at 
an interval of 12 h in the morning and at night for 6 months, and 
the average blood concentration was maintained at 4-5 ng/ml. At 6 
months and 12 months, serum albumin and urinary protein levels 
were monitored. If complete remission was not achieved, one dose 
of RTX 375 mg/m2 was given again at 6 months. The dose of RTX 
in the RTX group was the same as that in the RTX + TAC group. 
Both groups were followed up for at least 12 months.

Monitoring indicators

The clinical and biological data of patients were recorded, and 
blood routine, liver and kidney function, blood lipids, serum uric 
acid, 24-h protein, GFR, phospholipase A2 receptor antibody titer, 
and CD20+ B-cell counts were monitored at baseline and 3, 6, and 
12 months of follow-up. 

Study Outcomes

Primary outcomes

Complete remission: 24-h urinary protein < 0.3 g, serum albumin 
≥ 35 g/l, and normal renal function. 

Partial remission: 24-h urinary protein between 0.3 and 3.5 g, 
or 24-h urinary protein decreased by ≥ 50% from baseline, serum 
albumin of  ≥ 30 g/l, and stable renal function. 

Secondary outcomes 

Adverse reactions: infusion reaction, infection, dizziness, 
gastrointestinal symptoms, and granulocytopenia. 

Withdrawal criteria: creatinine increased by 50% from baseline, 
and ESRD that required renal replacement therapy. 

Statistical Analysis 

Statistical analysis was performed using Statistical Product 
and Service Solutions (SPSS) 20.0 (IBM Corp., NY, USA). 
Continuous variables with normal distribution were expressed as 
mean ± standard deviation, and continuous variables with non-
normal distribution were expressed as between-group medians and 
quartiles. T-test or Wilcoxon rank-sum test was used for between-
group comparison. The chi-square test or Fisher’s exact test was 
used to determine differences between groups of categorical 
variables. Cox regression was used to identify non-remission risk 
factors. The Kaplan-Meier survival analysis was performed to 
compare the complete and partial remission rates between the two 
groups. P < 0.05 was considered statistically significant.

RESULTS

A total of 107 patients with refractory membranous nephropathy 
received RTX. Nine patients were excluded for reasons such 
as secondary membranous nephropathy, pregnancy, tumors or 
infections, and eGFR of < 45 ml/min/1.73 m2. The RTX + TAC 
group and RTX group included 38 and 60 patients, respectively. 
Seven patients withdrew from the study because of incomplete 
data, lost to follow-up, or progression to ESRD. Finally, 34 
patients in the RTX + TAC group and 57 patients in the RTX group 
completed the study (Figure 1).

No significant differences in sex, serum albumin, GFR, and urine 
protein were found between the two groups. Type I membranous 
nephropathy was the main pathological type in both groups. The 
level of anti-PLA2R in the RTX + TAC group was slightly lower 
than that in the RTX group [89.44 (30.34, 169.88) vs. 102.87 
(48.74, 198.43), P = 0.172] without statistical significance. The 
uric acid level in the RTX + TAC group was higher than that in the 
RTX group (368.8 ± 102.02 vs. 328.12 ± 78.79, P = 0.040), and 
the triglyceride level was lower than that in the RTX group (1.93 
± 0.12 vs. 2.56 ± 0.92, P = 0.029). The difference between the two 
groups was statistically significant (Table 1). 

The median follow-up time was 13 (interquartile range [IQR] 12.0, 
18.0) months. The results indicated that urinary protein levels 
gradually decreased, albumin gradually increased, and eGFR 
decreased slightly during the follow-up. The anti-PLA2R titer 
decreased gradually; however, no statistical difference was found 
between the two groups (Figure 2).

At 12 months, the urinary protein level in the RTX + TAC group 
was significantly lower than that in the RTX group [1.45 (0.18, 
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3.62) vs. 3.36 (0.58, 4.61), P = 0.033), and the albumin level was 
higher than that in the RTX group (38.57 ± 7.86 vs. 33.98 ± 8.89, P 
= 0.018); a statistical difference was noted between the two groups. 
eGFR, anti-PLA2R titers, and proportion of anti-PLA2R-positive 
patients in the RTX + TAC group and RTX group all decreased 
compared between baseline and at 12 months. In the 12-month 
follow-up, the anti-PLA2R titers and proportion of anti-PLA2R-
positive patients in the RTX + TAC group were lower than that 
in the RTX group; however, no statistical difference was found 
between the two groups (Table 2).

In this study, 44 (77.19%) patients in the RTX group received 
RTX again at the 6-month follow-up compared with 23 (67.65%) 
patients in the RTX + TAC group. At 12 months, the overall 

effectiveness rate of RTX + TAC in the treatment of refractory 
IMN was 87.14%, of which the partial and complete remission 
rates were 50.01% and 37.13%, respectively. In the RTX group, 
the overall effectiveness rate of RTX was 65.87%, of which the 
partial and complete remission rates were 39.48% and 26.39%, 
respectively (P = 0.008, P = 0.019, P = 0.037 respectively). In the 
RTX + TAC group, the median time to complete remission was 9 
(IQR 6.0, 12.0) months, and the median time to partial remission 
was 6 (IQR 3.0, 9.0) months. In the RTX group, the median time 
to complete remission was 10.5 (IQR 6.0, 12.0) months, and the 
median time to partial response was 6 (IQR 3.0, 9.0) months. The 
complete remission time was not statistically different between the 
two groups (Figure 3). 

FIG. 1. Flow chart of the trial. The flowchart shows the patient selection process in this retrospective cohort study. The cohort included 107 patients 
with refractory membranous nephropathy between January 2018 and November 2021. After screening under the conditions shown in this figure, 91 
eligible patients (RTX + TAC group, n = 34; TAC group, n = 57) were included in the final analysis.

107 patients with refractory membranous nephropathy met the inclusion 
criteria: 

(1) age ≥ 18 years (2) IMN was diagnosed by renal biopsy within 24 months 
before enrollment (3)  proteinuria  > 50% of baseline or nephrotic syndrome 
after regular treatment with immunosuppressive therapy other than rituximab 
and tacrolimus (4) eGFR ≥ 45 mL/min/1.73 m2

9 patients were excluded:
(1) secondary membranous nephropathy: 4
(2) pregrant or lactating women: 1 
(3) tumor, loca lor systemic infection: 1 
(4) eGFR < 45 mL/min/1.73 m2: 3

RTX group: 60 patients, received RTX 
infusion of 1 g/time on the 1st and 15th day, 
twice in total 

RTX + TAC group: 38 patients, received RTX infusion of 1 g/
time on the 1st and 15th day, twice in total. In the second month, 
0.03 mg/kg/day of tacrolimus was added at the interval of 12 
hours in the morning and night for 6 months

At 6 months and 12 months, serum albümin and urinary protein were monitored. If 
completed remission was not achieved, one döşe of RTX 375 mg/m2 was given again

RTX + TAC group 
Insufficient information: 1
ESRD: 2
Loss to follow-up: 1
34 patients finished the follow-up

RTX group 
Insufficient information: 1
ESRD: 1
Loss to follow-up: 1
57 patients finished the follow-up

24-hour proteinuria, albümin, glomerular filtration rate, 
phospholipase A2 receptor antibody titer, CD20+B cell 
count were monitored at 3.6 and 12 months of follow-up

Compare the complete remission rate, partial 
remission rate and adverse events

Whitdraw: creatinine increased 
by 50% from baseline, ESRD 
required renal replacement
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The non-remission risk factors of IMN after treatment were 
analyzed by multivariate analysis (Cox regression). Proteinuria 
(hazard ratio [HR] =1.15, 95% confidence interval [CI] 1.02, 2.03) 
and high titer PLA2R antibody levels (HR = 1.04, 95% CI 1.01, 
1.73) were risk factors for non-remission. Higher albumin levels 
and higher cumulative doses of RTX were remission-promoting 
factors (Table 3).

A total of 6 (17.65%) patients in the RTX + TAC group and 11 
(19.30%) in the RTX group experienced adverse events. The 
proportion of adverse reactions in the two groups was comparable 
(P = 0.473). Infusion adverse reactions were the most common 
adverse events (Table 4).

DISCUSSION 

Membranous nephropathy is the primary cause of adult nephrotic 
syndrome. Refractory nephrotic syndrome has a poor response 
to treatment and will likely progress to ESRD.8 RTX has become 
a new treatment option for membranous nephropathy.9 In this 
retrospective, single center analysis of refractory IMN, the efficacy 
and safety of RTX combined with low-dose TAC and RTX alone in 
the treatment of refractory IMN were compared. The results showed 
that the overall response rate of 87.14% and complete remission 
rate of 37.13% in the treatment of membranous nephropathy with 
RTX + TAC were higher than those with RTX alone. No significant 
difference in adverse reactions was found between the two groups. 

TABLE 1. Baseline Characteristics of Patients with Non-responsive IMN in RTX + TAC and RTX Groups.

RTX + TAC RTX P

N = 34 N = 57

Age (years) 43.47 ± 13.83 46.63 ± 13.03 0.030

Male (n) 25 (73.53%) 43 (75.44%) 0.964

Body weight (kg) 77.91 ± 15.06 74.85 ± 12.87 0.096

Height (m) 1.72 ± 0.85 1.69 ± 0.68 0.154

Body mass index (kg/m2) 27.32 ± 4.25 26.12 ± 3.84 0.187

Body surface area (m2) 2.14 ± 0.22 2.06 ± 0.25 0.384

Systolic blood pressure (mmHg) 126.25 ± 10.92 129.88 ± 11.43 0.158

Diastolic blood pressure (mmHg) 80.76 ± 6.34 78.82 ± 9.45 0.694

Proteinuria, (g/24 h) 7.25 (3.53, 9.35) 8.06 (4.27, 11.35) 0.428

Albumin (g/l) 25.74 ± 5.27 23.36 ± 8.13 0.183

eGFR (ml/min/1.73 m2) 103.4 ± 21.1 98.54 ± 25.06 0.513

Cholesterol (mmol/l) 7.59 ± 0.78 8.06 ± 1.22 0.142

Triglyceride (mmol/l) 1.93 ± 0.12 2.56 ± 0.92 0.029

Uric acid (μmol/l) 368.8 ± 102.02 328.12 ± 78.79 0.040

Hemoglobin (mmol/l) 130.36 ± 29.9 124.14 ± 18.77 0.057

Complications

Hypertension, n (%) 21 (61.76%) 36 (63.16%) 0.633

Coronary heart disease, n (%) 1 (2.94%) 3 (5.26%) 0.095

Diabetes, n (%) 6 (17.65%) 11 (19.30%) 0.606

Stroke, n (%) 2 (5.88%) 5 (8.77%) 0.103

Disease stage, n (%) 

I 25 (73.53%) 41 (71.93%) 0.801

II 6 (17.65%) 10 (17.54%) 0.195

III 3 (8.82%) 6 (10.53%) 0.243

Anti-PLA2R level (RU/ml) 89.44 (30.34,169.88) 102.87 (48.74, 198.43) 0.172

Patients positive for anti-PLA2R, n (%) 23 (69.70%) 37 (66.07%) 0.330

CD20+B count (/µl) 234.78 ± 35.25 256.38 ± 48.39 0.919

Previous protocol

GC + CTX, n (%) 22 (65.00%) 38 (64.71%) 0.990

GC + CSA, n (%) 25 (73.53%) 43 (75.44%) 0.832

GC + CTX and GC + CSA, n (%) 13 (38.24%) 24 (42.11 %) 0.826
CSA, cyclosporine A; CTX, cyclophosphamide; eGFR, estimated glomerular filtration rate; GC, glucocorticoid; GC + CTX and GC + CSA means both protocols were used during the 
different periods. 
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RTX + TAC may be a new treatment option for membranous 
nephropathy.

RTX is a CD20 receptor antibody that can bind to CD20 antigens 
located on the B-cell surface, removing B cells and reducing the 
formation of antibody and immune complexes, to achieve disease 
remission.10 At present, RTX has been applied to membranous 
nephropathy, lupus nephritis, small vasculitis renal damage, 
and other renal diseases, showing good therapeutic effects, and 
RTX has good compliance because of its mild side effects.11,12 
The MENTOR trial was a randomized controlled trial (RCT) 

comparing RTX and cyclosporine in the treatment of primary 
membranous nephropathy. After 12 months of follow-up, the 
partial or complete remission rate of RTX (60%) was noninferior 
to that of the cyclosporine (59%), and at 24 months, the partial or 
complete remission rate of the RTX group (60%) was significantly 
higher than that of the cyclosporine group (20%). The MENTOR 
trial suggests considering RTX as a first-line agent when alkylating 
agents are inappropriate.13 Hanset reported that RTX is more 
effective in the treatment of membranous nephropathy, with fewer 
adverse reactions and a low recurrence rate.14 The 2021 KDIGO 
guidelines have suggested that RTX can be used in high-risk and 

TABLE 2. Comparison of Laboratory Indices in the Two Groups for the 12 Months Follow-up.

RTX + TAC RTX P

N = 34 N = 57

Rituximab dose (g) 2.77 ± 0.31 2.62 ± 0.45 0.072

Systolic blood pressure (mmHg) 120.25 ± 7.68 119.85 ± 12.04 0.276

Diastolic blood pressure (mmHg) 80.02 ± 5.77 76.37 ± 6.81 0.513

Proteinuria (g/24 h) 1.45 (0.18, 3.62) 3.36 (0.58, 4.61) 0.033

Albumin (g/l) 38.57 ± 7.86 33.98 ± 8.89 0.018

eGFR (ml/min/1.73 m2) 99.91 ± 33.26 89.31 ± 34.64 0.319

Uric acid (μmol/l) 342.09 ± 96.85 327.69 ± 104.79 0.434

Cholesterol (mmol/l) 5.31 ± 1.02 5.17 ± 0.94 0.709

Triglyceride (mmol/l) 1.54 ± 0.09 1.87 ± 0.56 0.068

Hemoglobin (g/l) 133.36 ± 20.16 127.58 ± 21.95 0.737

Anti-PLA2R (RU/ml) 30.01 (10.19,73.25) 49.87 (18.21, 98.62) 0.682

Patients positive for anti-PLA2R, n (%) 6 (17.65%) 13 (22.81%) 0.709
eGFR, estimated glomerular filtration rate.

FIG. 2. Changes in indices in the two groups during follow-up. Changes in the levels of 24-h proteinuria (a), serum albumin (b), eGFR (c), anti-PLA2R 
(d) in the two groups at baseline and during follow-up. The two groups were compared at different time points (ns, no significant difference, *P < 0.05, 
**P < 0.01, P < 0.05 indicates significant difference). 

a b

dc
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extremely high-risk patients with membranous nephropathy.7 The 
use of RTX in the treatment of IMN, particularly refractory IMN, 
maybe a new option for clinicians.

RTX monotherapy is effective in the treatment of membranous 
nephropathy; however, the clinical effect is slow, and the complete 
remission rate is relatively low. Some studies have found that 
the antibody titer does not decrease when CD20-positive B cells 
are eliminated during RTX treatment, which implied that non-
CD20-positive B-cells may be involved in producing pathogenic 
antibodies.15 Antibodies against RTX may be produced after 
the RTX administration.16 Long-lived plasma cells in vivo may 
continuously secrete pathogenic antibodies of membranous 
nephropathy, and RTX cannot block the production of plasma cell 
antibodies.17 The change in the CD20 epitope of B-cells leads to 
a decrease in the binding ability of RTX to specific sites,18 which 
may lead to a therapeutic effect of RTX lower than expected. The 
addition of other immunosuppressive agents based on RTX may 
achieve better therapeutic effects, accelerate disease remission, 
and delay the progression of kidney disease. Therefore, some 
scholars began to try to treat IMN with RTX combined with 

immunosuppressive agents. At present, few comparative studies 
have analyzed RTX in combination with other immunosuppressive 
agents and RTX monotherapy in the treatment of refractory IMN. 

Waldman et al.19 combined RTX with cyclosporine A to treat 13 IMN 
cases, in which conservative treatment failed. After the treatment, 
the mean protein levels decreased by 65% and 80% at 3 and 6 
months, respectively, 92% of patients achieved partial or complete 
remission at 9 months, and 54% achieved complete remission at 
12 months. Renal function was stable, and the combination was 
well tolerated. Zonozi et al.20 reported outcomes of 60 patients with 
IMN treated with RTX combined with low-dose cyclophosphamide 
and glucocorticoids. After a median treatment time of 3.4 months, 
100% and 83% of the patients achieved partial and complete 
remission at 2 years. No patients had a relapse during the B-cell 
clearance phase, and 10% had a relapse 2 years after the last 
RTX dose. This study showed that RTX combined with low-dose 
cyclophosphamide and glucocorticoids led to partial remission in 
all patients and sustained complete remission in most patients with 
acceptable safety. According to Zhu et al.,21 ultralow-dose RTX 
plus low-dose TAC in non-responsive IMN had a higher remission 
rate and a lower side effect than standard TAC monotherapy. The 

TABLE 3. Non-remission Risk Factors in Patients with IMN by Multivariate 
Analysis (Cox Regression).

HR 95% CI

Age 0.74 0.38, 1.21

Gender 0.52 0.04, 3.75

Rituximab dose 0.34 0.16, 0.89

Proteinuria 1.15 1.02, 2.03

Albumin 0.58 0.35, 0.98

eGFR 0.96 0.90, 1.36

Uric acid 1.97 0.46, 3.98

Hemoglobin 0.77 0.52, 2.22

Baseline levels of anti-PLA2R 
antibodies 

1.04 1.01, 1.73

CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; 
IMN, idiopathic membranous nephropathy. 

FIG. 3. Partial remission rate and complete remission rate of the RTX and RTX + TAC groups during the follow-up. (a) Partial remission rates of the 
two groups. The partial remission rates of the RTX + TAC and RTX groups were 50.01% and 39.48%, respectively, at 12 months (P = 0.019). (b) 
Complete remission rates of the two groups. The complete remission rates of RTX + TAC and RTX groups were 37.13% and 26.39%, respectively, at 
12 months (P = 0.037).

a b

TABLE 4. Comparison of Adverse Events in RTX + TAC and RTX Groups. 

RTX + TAC RTX P

Adverse events, n (%) N = 34 N = 57

Total adverse events 6 (17.65%) 11 (19.30%) 0.473

Infusion reaction 2 (5.88%) 4 (7.02%) 0.791

Infection 1 (2.94%) 2 (3.51%) 0.392

Pneumonia 0 1 (1.75%) 0.510

Upper respiratory infection 1 (2.94%) 0 (3.51%) 0.104

Other infectious events 0 (2.94%) 1 (1.75%) 0.510

Palpitations 1 (2.94%) 2 (3.51%) 0.392

Headache 1 (2.94%) 1 (1.75%) 0.089

Myalgia 0 1 (1.75%) 0.510

Gastrointestinal complain 1 (2.94%) 0 0.104

Leukopenia 0 1 (1.75%) 0.510
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STARMEN trial22 is a multicenter RCT comparing the efficacy of 
RTX combined with TAC with that of glucocorticoid combined 
with cyclophosphamide. In this protocol, the initial TAC dose 
was 0.05 mg/kg/day, and the dosage was adjusted until the blood 
concentration reached 5-7 ng/ml for 6 months. A single dose of 
RTX 1 g was used after 6 months of TAC treatment. The remission 
rate, recurrence rate, renal function maintenance rate, and adverse 
reactions were observed after 2 years of follow-up. The results of 
the 24-month follow-up showed that the complete remission rate of 
TAC combined with RTX was 26%, which was lower than that of 
glucocorticoid combined with cyclophosphamide with 60%. The 
STARMEN study was a sequential clinical trial with RTX added 
after TAC application for 6 months, and the lower RTX dosage 
may not have shown its actual effect and the treatment effect of the 
combination with TAC. Therefore, the efficacy of RTX and TAC 
should be further studied.

The present study compared the efficacy and side effects of a 
titrated dose of RTX combined with a lower TAC dose with those of 
RTX alone in the treatment of refractory IMN. For refractory IMN, 
the remission rate of the combined therapy was better than that 
of RTX monotherapy, and the adverse reactions were not higher 
than that of RTX monotherapy. RTX + TAC is a more effective 
treatment for refractory membranous nephropathy, which provides 
a new idea for the treatment of membranous nephropathy. In this 
study, RTX differs slightly between the two groups, but it is not 
statistically significant, which may be related to the different body 
surface areas of the patients.

This study still had some limitations. This is a retrospective cohort 
study, with a small sample size derived from a single center; thus, 
the case representation is slightly poor. Further RCTs are necessary 
to obtain more meaningful conclusions. In the future, the sample 
size should be expanded to further clarify the efficacy and adverse 
reactions of RTX + TAC through multicenter RCT studies.

In conclusion, the complete and partial remission rates of RTX 
combined with low-dose TAC in the treatment of refractory IMN 
were higher than those of RTX alone, and no significant increase 
in adverse events was noted.
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