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Abstract: Objective: To compare the efficacy and safety of two rituximab (RTX) dosage regimens - 1 g and 375 mg/
m2 - in patients with idiopathic membranous nephropathy (IMN), focusing on their effects on coagulation function. 
Methods: We conducted a single-center, retrospective cohort study involving 323 IMN patients treated at Baoji 
High-Tech Hospital between May 1, 2022, and February 28, 2024. Patients were categorized into a standard-dose 
group (375 mg/m2, n=157) and a low-dose group (1 g, n=166) based on their RTX regimen. We compared clinical 
remission rates, relapse rates, adverse reactions, and changes in coagulation parameters (thrombin time [TT], pro-
thrombin time [PT], fibrinogen [Fib]) between the groups. Results: Baseline characteristics, including age, gender, 
BMI, comorbidities, and immune indices, were similar between the groups (all P>0.05). Complete remission rates 
were 28.7% in the standard-dose group and 31.3% in the low-dose group, with overall response rates of 82.2% 
and 71.7%, respectively. Relapse rates were 19.1% and 19.3%, showing no significant differences (P>0.05). No 
significant differences in renal function, serum protein, urine protein, or PLA2R levels were observed between the 
groups (all P>0.05). Coagulation parameters remained unchanged before and after treatment (all P>0.05). Adverse 
reactions, including infections, infusion reactions, liver dysfunction, and gastrointestinal symptoms, occurred at 
similar rates in both groups (all P>0.05). Multivariate analysis identified BMI (OR=1.710, P<0.001), history of diabe-
tes (OR=7.186, P=0.002), 24-hour urine protein at 6 months (OR=2.227, P<0.001), and PLA2R levels (OR=1.391, 
P<0.001) as independent risk factors for hypercoagulability. Conclusion: Both 1 g and 375 mg/m2 RTX regimens 
exhibit comparable efficacy and safety in IMN patients, without significantly affecting coagulation function. Treat-
ment should be individualized based on factors such as BMI, diabetes history, urine protein levels, and PLA2R levels 
to optimize coagulation risk management.
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Introduction

Membranous nephropathy (MN) is one of the 
leading causes of nephrotic syndrome (NS) in 
adults in China, excluding diabetic nephropa-
thy, and its global incidence is rising, particu-
larly among middle-aged and elderly males [1]. 
MN is classified into idiopathic membranous 
nephropathy (IMN) and secondary membra-
nous nephropathy (SMN), with approximately 
80% of cases being idiopathic and the remain-
ing 20% secondary to conditions such as sys-
temic lupus erythematosus (SLE), viral infec-
tions, malignancies, or certain medications [2, 

3]. The hallmark pathological feature of MN is 
the subepithelial deposition of immune com-
plexes on the glomerular basement membrane, 
leading to thickening and damage of the glo-
merular filtration barrier. Clinically, this ma- 
nifests as massive proteinuria, hypoalbumin-
emia, and edema [4]. Without timely interven- 
tion, MN can progress to chronic kidney disease 
or end-stage renal disease, significantly affect-
ing patient prognosis.

Recent advances in the understanding of MN 
pathogenesis have highlighted the critical role 
of B cells. The identification of M-type phospho-
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lipase A2 receptor (PLA2R) [5] and thrombos-
pondin type-1 domain-containing 7A (THSD7A) 
[6, 7] has facilitated both diagnosis and treat-
ment. Traditional immunosuppressive thera-
pies, such as glucocorticoids combined with 
alkylating agents or calcineurin inhibitors (CN- 
Is), are effective in reducing proteinuria but are 
often associated with high relapse rates and 
significant adverse effects, including bone mar-
row suppression, infections, and nephrotoxicity 
[8, 9]. These limitations underscore the need 
for safer and more effective treatment alter- 
natives.

Rituximab (RTX), a human-mouse chimeric mo- 
noclonal antibody targeting the CD20 antigen 
on B cells, selectively depletes B lymphocytes 
and inhibits B cell-mediated immune respons-
es [10]. Initially approved for treating non-Hodg-
kin lymphoma (NHL) [11] and chronic lympho-
cytic leukemia (CLL) [12], RTX has since been 
increasingly used in autoimmune diseases, in- 
cluding rheumatoid arthritis (RA) [13]. In recent 
years, RTX has demonstrated significant effi-
cacy in treating IMN, leading to its recommen-
dation as a first-line treatment for medium- and 
high-risk MN patients in the 2021 Kidney Dis- 
ease: Improving Global Outcomes (KDIGO) clini-
cal practice guidelines [14].

Although RTX’s efficacy in treating IMN is well 
established, the optimal dosage regimen re- 
mains debated. The 2020 “Consensus on Ra- 
pid Infusion of RTX in China” [15] recommends 
the 375 mg/m2 dose, originally used for non-
Hodgkin lymphoma. However, the 2022 “Expert 
Consensus on the Use of RTX in Membranous 
Nephropathy” [16] suggests that both the 1 g 
and 375 mg/m2 regimens can be used for IMN 
treatment. The existence of these two regimens 
highlights the need for individualized therapy, 
but direct comparative studies are scarce [17].

Coagulation dysfunction is another critical con-
cern in MN patients, particularly those with 
nephrotic syndrome, who are at increased risk 
of thromboembolic events [18]. Hypoalbumine- 
mia and hyperlipidemia, common in nephrotic 
syndrome, contribute to a hypercoagulable st- 
ate, elevating the risk of complications such as 
deep vein thrombosis and pulmonary embolism 
[19].

This study aims to compare the efficacy and 
safety of the 1 g and 375 mg/m2 RTX dosage 

regimens in IMN patients and evaluate their 
effects on coagulation function. By providing 
evidence for the optimal dosing strategy, we 
aim to contribute to personalized treatment 
plans for IMN and offer guidance for monitoring 
and managing coagulation function in these 
patients.

Materials and methods

Study design

This single-center, retrospective cohort study 
included 323 patients diagnosed with idiopath-
ic membranous nephropathy (IMN) at Baoji 
High-Tech Hospital between May 1, 2022, and 
February 28, 2024. Patients were divided into 
two groups based on the rituximab (RTX) regi-
men they received: the standard-dose group 
(n=157, 375 mg/m2 regimen) and the low-dose 
group (n=166, 1 g regimen). The efficacy and 
safety of these two regimens were compared.

Ethical statement

The study was approved by the Ethics Com- 
mittee of Baoji High-Tech Hospital. Informed 
consent was waived due to the retrospective 
nature of the study.

Study population

Inclusion criteria: (1) Patients aged ≥18 years. 
(2) Diagnosed with IMN through renal biopsy or 
positive serum PLA2R antibodies (>5 RU/mL) in 
the presence of typical nephrotic syndrome 
(NS) clinical manifestations. (3) A minimum fol-
low-up period of six months and complete clini-
cal data.

Exclusion criteria: (1) Patients with secondary 
membranous nephropathy (SMN) due to sys-
temic lupus erythematosus (SLE), medications, 
viral hepatitis, malignancies, or other serious 
conditions. (2) Patients with severe infections, 
psychiatric or neurological disorders, severe 
liver or cardiac dysfunction, or other significant 
comorbidities.

Treatment regimen

Patients were assigned to one of two groups 
based on the RTX regimen administered: The 
low-dose group received 375 mg/m2 once 
every 3 weeks for a total of three doses. The 
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standard-dose group received 1 g on days 1 
and 15 for a total of two doses. Pre-medications 
for all patients included intramuscular dexa-
methasone (5 mg), promethazine (25 mg), oral 
diphenhydramine (50 mg), and intravenous me- 
thylprednisolone succinate to prevent allergic 
reactions. RTX infusion started at a rate of 25 
mL/h, which was gradually increased by 25 
mL/h every hour, up to a maximum of 200 
mL/h if no adverse reactions occurred.

Data source

Clinical data were extracted from the hospital’s 
electronic medical record system, including:

Baseline information: age, gender, BMI Medical 
history: diabetes, hypertension, smoking, use 
of ACE inhibitors/angiotensin receptor blockers 
(ACEI/ARB).

Laboratory results: serum PLA2R antibodies, 
urine protein, serum albumin, serum creatinine, 
IgG, IgA, IgM, C3, C4.

Treatment regimen: administered RTX dosage. 
Follow-up data: clinical remission rate, adverse 
reaction rate, and coagulation function param-
eters (TT, PT, Fib).

Detection methods

Peripheral blood samples (10 mL) were collect-
ed at three time points: before treatment, 3 
months after treatment, and 6 months after 
treatment. Five milliliters of each sample were 
used for routine biochemical tests, while the 
remaining 5 mL were used for coagulation func-
tion testing.

Biochemical tests: Serum PLA2R antibodies, 
urine protein quantification, serum albumin, 
and serum creatinine were measured using the 
Cobas 8000 analyzer (Roche Diagnostics).

Coagulation tests: Thrombin time (TT), pro-
thrombin time (PT), and fibrinogen (Fib) were 
measured using the CA-7000 automated coag-
ulation analyzer (Sysmex Corporation).

All laboratory procedures adhered to strict 
quality control standards. Coagulation function 
data were available only before treatment and 
at 6 months post-treatment, as some patients 
did not undergo testing at the 3-month mark.

Variable definitions and measurements

Primary endpoint: Clinical remission rate (in- 
cluding complete and partial remission) follow-
ing RTX treatment.

Secondary endpoints: Relapse rate, adverse 
reaction rate, and changes in coagulation fun- 
ction.

Other variables of interest: Patient age, gender, 
BMI, comorbidities (e.g., diabetes, hyperten-
sion), and laboratory parameters (e.g., urine 
protein, serum albumin, serum creatinine).

Statistical analysis

Data were analyzed using SPSS 20.0 software. 
Continuous variables were compared between 
groups using t-tests or rank-sum tests, as 
appropriate. Categorical variables were ana-
lyzed using chi-square tests. Logistic regres-
sion models were used to identify factors influ-
encing clinical outcomes, and receiver oper- 
ating characteristic (ROC) curve analysis was 
performed to evaluate the predictive power of 
key variables. GraphPad Prism 9 software was 
used for figure generation. A P-value of <0.05 
was considered statistically significant.

Results

Comparison of baseline data

As shown in Table 1, there were no significant 
differences in baseline characteristics between 
the standard-dose and low-dose groups (all 
P>0.05). Specifically, no significant differences 
were observed in age, gender distribution, BMI, 
risk level, use of ACE inhibitors/angiotensin re- 
ceptor blockers (ACEI/ARB), history of diabetes, 
hypertension, or smoking (all P>0.05). Addi- 
tionally, immunoglobulin levels (IgG, IgA, IgM) 
and complement components (C3 and C4) 
were similar between the two groups (all P> 
0.05).

Comparison of disease remission rates

As shown in Table 2, no statistically significant 
differences in disease remission were found 
between the two groups (P>0.05). The com-
plete remission rate was 28.7% (45/157) in the 
standard-dose group and 31.3% (52/166) in 
the low-dose group. The overall response rate 
was 82.2% (129/157) in the standard-dose 
group and 71.7% (119/166) in the low-dose 
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group. The relapse rates were 19.1% (30/157) 
in the standard-dose group and 19.3% (32/166) 
in the low-dose group. Although the partial 
remission rate (P=0.056) and non-response 
rate (P=0.074) approached statistical signifi-
cance, they did not meet the threshold for 
significance.

Comparison of post-treatment changes in 
renal function, serum protein, urine protein, 
and PLA2R

As depicted in Figure 1, no significant differ-
ences were observed in changes in 24-hour 
urine protein, serum albumin, serum creatinine, 
or PLA2R levels between the standard-dose 
and low-dose groups before treatment, at three 
months, and at six months post-treatment (all 
P>0.05).

Comparison of post-treatment changes in 
coagulation function

As shown in Figure 2, there were no significant 
differences in coagulation function indicators 
between the two groups before treatment and 
at six months post-treatment (all P>0.05). 
Specifically, thrombin time (TT, Figure 2A), pro-
thrombin time (PT, Figure 2B), and fibrinogen 
(Fib, Figure 2C) levels did not differ significantly 
between the groups, suggesting that the RTX 
dosage regimens did not significantly affect 
coagulation function.

Comparison of adverse reactions

As shown in Table 3, there were no significant 
differences in the incidence of adverse reac-
tions between the two groups (all P>0.05). 
Specifically, the incidence of infections (P= 

Table 1. Comparison of baseline characteristics between groups
Variable Standard Group (n=157) Low-Dose Group (n=166) t/χ2 Value P Value
Age (years) 51.18±10.22 50.82±11.42 0.298 0.766
Gender
    Male 102 101 0.588 0.443
    Female 55 65
BMI 24.00±1.51 24.10±1.65 -0.545 0.586
Risk Level
    High Risk 149 154 0.632 0.427
    Medium Risk 8 12
ACEI/ARB Use
    Yes 75 70 1.024 0.312
    No 82 96
Diabetes History Yes 16 13 0.55
Hypertension History Yes 71 61 2.399
Smoking History Yes 100 105 0.007
IgG (g/L) 5.94±2.54 5.60±2.32 1.25 0.212
IgA (g/L) 1.71±0.51 1.75±0.49 -0.715 0.475
IgM (g/L) 1.08±0.47 1.06±0.49 0.469 0.639
C3 (g/L) 0.89±0.11 0.89±0.16 0.252 0.801
C4 (g/L) 0.25±0.09 0.24±0.08 1.171 0.243
Note: ACEI/ARB: Angiotensin-converting enzyme inhibitors/Angiotensin II receptor blockers, IgG: Immunoglobulin G, IgA: Immu-
noglobulin A, IgM: Immunoglobulin M, C3: Complement component 3, C4: Complement component 4.

Table 2. Comparison of disease remission rates
Group Complete Remission Partial Remission Non-Responsive Overall Response Relapse
Standard Group (n=157) 45 80 32 129 30
Low-Dose Group (n=166) 52 67 47 119 32
χ2 Value 0.272 3.652 3.176 3.176 0.436
P Value 0.602 0.056 0.074 0.074 0.509
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0.501), infusion reactions (P=0.396), liver fun- 
ction impairment (P=0.376), gastrointestinal 
reactions (P=0.933), hyperglycemia (P=0.288), 
hypokalemia (P=0.372), and hair loss (P= 
0.303) were similar between the two groups, 
with no statistically significant differences.

Risk factor analysis for coagulation abnormali-
ties

Table 4 shows significant differences between 
the hypercoagulability and normal groups in 

95% CI: 1.709-3.039, P<0.001), and PLA2R 
levels at six months post-treatment (OR=1.391, 
95% CI: 1.257-1.571, P<0.001) were indepen-
dent risk factors for hypercoagulability. Age, 
risk level, and hypertension history did not 
show statistical significance in the multivariate 
analysis (Table 7).

Discussion

This study aimed to compare the efficacy and 
safety of two RTX dosage regimens - 1 g and 

Figure 1. Comparison of 24-hour urine protein (A), serum albumin (B), cre-
atinine (C), and PLA2R (D) levels between the standard group and the low-
dose group before treatment, 3 months after treatment, and 6 months after 
treatment. ns indicates no statistically significant difference (P>0.05). * in-
dicates highly statistically significant difference (P<0.05). ** indicates very 
highly statistically significant difference (P<0.01). **** indicates extremely 
statistically significant difference (P<0.0001). Note: Cr: Creatinine, PLA2R: 
Phospholipase A2 receptor.

several variables. The pro- 
portion of high-risk patients 
was significantly higher in the 
hypercoagulability group (P= 
0.006). Additionally, the hyper-
coagulability group exhibited 
significantly higher levels of 
diabetes history (P<0.001), hy- 
pertension history (P<0.001), 
age (P=0.043), BMI (P<0.001), 
24-hour urine protein at six 
months post-treatment (P< 
0.001), and PLA2R levels at 
six months post-treatment (P< 
0.001) compared to the nor-
mal group. However, no sig- 
nificant differences were ob- 
served for gender, ACEI/ARB 
use, immunoglobulins (IgG, 
IgA, IgM), complement compo-
nents (C3, C4), or serum cre-
atinine (all P>0.05).

Multivariate analysis

ROC curve analysis was con-
ducted to determine the opti-
mal cutoff values for contin- 
uous variables, which were 
then dichotomized (Figure 3 
and Table 5). Variance infla-
tion factor (VIF) analysis con-
firmed that all variables had a 
VIF of less than 2, indicating 
no multicollinearity (Table 6). 
Forward stepwise regression 
analysis revealed that BMI 
(OR=1.710, 95% CI: 1.284-
2.339, P<0.001), diabetes 
history (OR=7.186, 95% CI: 
2.118-26.356, P=0.002), 24- 
hour urine protein at six mon- 
ths post-treatment (OR=2.227, 
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375 mg/m2 - in patients with IMN and to assess 
their effects on coagulation function. The re- 
sults showed no significant differences be- 
tween the two regimens in terms of disease 
remission rates, relapse rates, or adverse reac-
tions, suggesting that the 1 g regimen may be 
as effective and safe as the standard 375 mg/
m2 regimen for treating IMN.

In terms of efficacy, the complete remission 
rate was 28.7% in the standard-dose group and 
31.3% in the low-dose group, with overall re- 
sponse rates of 82.2% and 71.7%, respectively. 
These findings align with previous studies high-
lighting the effectiveness of RTX in treating 
IMN. For instance, Dahan et al. emphasized 
RTX’s efficacy in patients with severe membra-
nous nephropathy and the role of PLA2R levels 
in evaluating treatment response [20]. Similarly, 
Maharjan et al. demonstrated that B-cell deple-
tion therapy significantly reduces proteinuria 
and enhances clinical remission rates [21]. 
Although no significant differences were ob- 

served in this study, the partial remission rate 
approached significance, suggesting that larg-
er-scale studies may uncover potential differ-
ences between the two dosage regimens.

Other studies have suggested that RTX dosage 
may influence treatment outcomes. Li et al. 
proposed that higher doses of RTX might be 
more effective in certain subgroups, particu-
larly in those with high PLA2R antibody levels 
[22]. As research on RTX’s mechanisms contin-
ues, studies have shown that changes in anti-
PLA2R antibody levels are closely associated 
with treatment responses. Cravedi et al. dem-
onstrated a significant correlation between de- 
creased anti-PLA2R antibody levels and clinical 
remission, suggesting that monitoring these 
antibodies could help predict treatment out-
comes and guide clinical decision-making [23].

This study found no significant effect of RTX 
dosage on coagulation parameters, including 
TT, PT, and Fib, both before treatment and six 

Figure 2. Comparison of thrombin time (A), prothrombin time (B), and fibrinogen (C) between the standard group 
and the low-dose group before treatment and 6 months after treatment. ns indicates no statistically significant dif-
ference (P>0.05). **** indicates extremely statistically significant difference (P<0.0001). Note: TT: Thrombin Time, 
PT: Prothrombin Time, Fib: Fibrinogen.

Table 3. Comparison of adverse reactions
Variable Standard Group (n=157) Low-Dose Group (n=166) χ2 Value P Value
Infection 41 38 0.454 0.501
Infusion Reaction 7 11 0.721 0.396
Liver Function Impairment 20 16 0.783 0.376
Gastrointestinal Reaction 25 27 0.007 0.933
Hyperglycemia 3 1 1.129 0.288
Hypokalemia 4 2 0.798 0.372
Hair Loss 1 0 1.061 0.303
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Table 4. Comparison of baseline characteristics between the hypercoagulable and normal groups

Variable Hypercoagulable 
Group (n=67)

Normal Group 
(n=256) t/χ2 Value P Value

Treatment Regimen 3.251 0.071
    Standard Group 26 131
    Low-Dose Group 41 125
Age (years) 51.18±10.22 50.82±11.42 0.298 0.766
Gender 0.064 0.8
    Male 43 160
    Female 24 96
BMI 24.00±1.51 24.10±1.65 -0.545 0.586
Risk Level 7.631 0.006
    High Risk 58 245
    Medium Risk 9 11
ACEI/ARB Use 1.962 0.161
    Diabetes History Yes 19 10 38.851
    Hypertension History Yes 41 91 14.454
    Smoking History Yes 40 165 0.517
Treatment Efficacy 1.626 0.444
    Complete Remission 17 80
    Partial Remission 30 117
    Non-Responsive 20 59
Age (years) 53.43±11.01 50.36±10.72 2.048 0.043
BMI (kg/m2) 25.01±1.53 23.80±1.50 5.815 <0.001
IgG (g/L) 5.82±2.55 5.75±2.41 0.2 0.842
IgA (g/L) 1.79±0.44 1.71±0.51 1.316 0.191
IgM (g/L) 1.04±0.48 1.07±0.48 -0.46 0.646
C3 (g/L) 0.90±0.15 0.89±0.14 0.501 0.618
C4 (g/L) 0.25±0.07 0.24±0.09 0.993 0.322
24-Hour Urine Protein (g/24 h, 6 months) 3.72±1.73 1.21 [0.22, 2.78] 7.483 <0.001
Serum Albumin (g/L, 6 months) 36.64±6.92 38.00 [33.00, 42.00] -1.052 0.292
Creatinine (µmol/L, 6 months) 77.50±10.45 77.39±9.18 0.077 0.939
PLA2R (RU/mL, 6 months) 30.92 [28.02, 35.47] 23.96±5.97 8.557 <0.001
Note: ACEI/ARB: Angiotensin-converting enzyme inhibitors/Angiotensin II receptor blockers, IgG: Immunoglobulin G, IgA: Immu-
noglobulin A, IgM: Immunoglobulin M, C3: Complement component 3, C4: Complement component 4, Cr: Creatinine, PLA2R: 
Phospholipase A2 receptor, BMI: body mass index.

months post-treatment. This lack of significant 
change may be attributed to pre-existing coag-
ulation abnormalities in IMN patients, particu-
larly those with nephrotic syndrome. It is well 
established that IMN, especially in the context 
of nephrotic syndrome, is associated with hypo-
albuminemia and hyperlipidemia, both of which 
contribute to a hypercoagulable state. Despite 
the immunosuppressive effects of RTX, these 
underlying conditions were not significantly 
altered by treatment [24].

Previous studies have suggested that coagula-
tion abnormalities in nephrotic syndrome arise 

from physiological changes, such as increased 
synthesis of coagulation factors by the liver and 
alterations in plasma proteins [25]. The rela-
tionship between hypercoagulability and IMN 
should not be underestimated, as patients with 
severe proteinuria and hypoalbuminemia are at 
an increased risk for thrombotic events, includ-
ing deep vein thrombosis and pulmonary embo-
lism. Sanjeev Kumar et al. reported a strong 
association between severe proteinuria and 
thrombosis in IMN patients, highlighting the 
importance of closely monitoring proteinuria 
levels [26].
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did not differ significantly between the two 
groups, consistent with previous studies report-
ing favorable safety profiles for RTX. Zonozi et 
al. [30] noted that RTX, when used in combina-
tion with other immunosuppressive therapies, 
has a good safety profile. Our study supports 
these findings, particularly regarding infections 
and infusion reactions, which are the most 
commonly reported adverse effects. The infec-
tion rates observed in this study were similar to 
those reported in prior studies, indicating that 
RTX’s infection risk remains relatively manage-

Table 5. Assignment table for variables
Variable Assignment
Age (years) ≥45=1, <45=0
BMI (kg/m2) ≥23.94=1, <23.94=0
Risk Level High Risk =1, Medium Risk =0
Diabetes History Yes =1, No =0
Hypertension History Yes =1, No =0
24-Hour Urine Protein (6 months) ≥24.275=1, <24.275=0
PLA2R (6 months) ≥2.755=1, <2.755=0
Note: BMI: body mass index, PLA2R: Phospholipase A2 receptor.

Figure 3. ROC curve analysis for age, BMI, PLA2R levels at 6 months, and 
24-hour urine protein. BMI: body mass index, PLA2R: phospholipase A2 re-
ceptor.

Table 6. Variance inflation factor (VIF)
Variable VIF
Age 1.0172
BMI 1.1036
Risk Level 1.0854
Diabetes History 1.091
Hypertension History 1.0301
24-Hour Urine Protein (6 months) 1.3822
PLA2R (6 months) 1.4488
Note: BMI: body mass index, PLA2R: Phospholipase A2 
receptor.

Our study identified several 
independent risk factors for 
hypercoagulability, including 
BMI, diabetes history, 24-hour 
urine protein levels at six 
months post-treatment, and 
PLA2R levels. A higher BMI is 
often linked to systemic in- 
flammation and metabolic dis-
turbances, which promote the 
synthesis of coagulation fac-
tors [27]. Diabetes contrib-
utes to a hypercoagulable st- 
ate through mechanisms such 
as enhanced platelet activa-
tion, increased fibrinogen pro-
duction, and inhibition of fibri-
nolysis [28]. Increased pro- 
teinuria serves as a marker of 
more severe renal injury, indi-
cating glomerular and tubular 
damage, which may further 
impair coagulation function 
[29]. Additionally, elevated PL- 
A2R levels - an important bio-
marker in membranous ne- 
phropathy - are associated wi- 
th disease activity and have 
been linked to hypercoagula-
bility [25]. Elevated PLA2R lev-
els likely reflect a more robust 
immune response, potentially 
further influencing coagula-
tion status. Therefore, in clini-
cal practice, it is crucial to con- 
sider these risk factors (e.g., 
proteinuria, PLA2R levels, 
etc.) when monitoring coagu-
lation function in IMN patients.

Regarding safety, the inci-
dence of adverse reactions 
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able. However, while RTX generally demon-
strates a favorable safety profile, some patients 
may still experience serious adverse events, 
such as infusion-related reactions or liver func-
tion impairment. This underscores the impor-
tance of closely monitoring clinical and labora-
tory parameters during RTX treatment to pro- 
mptly detect and manage any adverse events.

In conclusion, this study compared the efficacy 
and safety of 1 g and 375 mg/m2 RTX dosages 
in patients with IMN and found no significant 
differences between the two regimens in terms 
of clinical remission rates, relapse rates, or 
adverse reactions, with both regimens demon-
strating acceptable safety profiles. The study 
also identified several independent risk factors 
for hypercoagulability, including BMI, diabetes 
history, 24-hour urine protein levels at six mon- 
ths post-treatment, and PLA2R levels. These 
findings provide valuable evidence for optimiz-
ing the treatment of IMN and support the flexi-
ble use of RTX dosage regimens based on indi-
vidual patient characteristics in clinical prac- 
tice.

Disclosure of conflict of interest

None.

Address correspondence to: Huiliang Huang, De- 
partment of Nephroendocrine, The Jintai Hospital of 
Baoji City, No. 5 Renmin Road, Jintai District, Baoji 
721001, Shaanxi, China. E-mail: hhlxy7804@126.
com

References

[1]	 Zeng L, Chen H, Xiang H, Zeng M, Zhou M, Tan 
C, Liu H and Chen G. Comparative pharmaco-
economic analysis of rituximab and traditional 
tacrolimus regimens in membranous nephrop-

athy in China. Front Pharmacol 2023; 14: 
1309930.

[2]	 Teisseyre M, Cremoni M, Boyer-Suavet S, Ru-
etsch C, Graça D, Esnault VLM, Brglez V and 
Seitz-Polski B. Advances in the management of 
primary membranous nephropathy and ritux-
imab-refractory membranous nephropathy. 
Front Immunol 2022; 13: 859419.

[3]	 Rojas-Rivera JE, Ortiz A and Fervenza FC. Novel 
treatments paradigms: membranous nephrop-
athy. Kidney Int Rep 2023; 8: 419-431.

[4]	 Cai J, Gao D, Liu D and Liu Z. Telitacicept for 
autoimmune nephropathy. Front Immunol 
2023; 14: 1169084.

[5]	 Zhang XD, Lin CX, Cui Z, Gu QH, Yan BJ, Liu L, 
Song WC, Shi Y, Debiec H, Ronco P and Zhao 
MH. Mapping the T cell epitopes of the M-type 
transmembrane phospholipase A2 receptor in 
primary membranous nephropathy. Kidney Int 
2023; 103: 580-592.

[6]	 Morel A, Buob D, Goujon JM, Belhadj K, Ver-
pont MC, Audard V and Moktefi A. Thrombos-
pondin type-1 domain-containing 7A-related 
membranous nephropathy associated with 
glomerular AL amyloidosis. Pathology 2022; 
54: 654-657.

[7]	 Suzuki T, Han W, Watanabe S, Terashita M, Na-
kata M, Ichikawa D, Shirai S and Shibagaki Y. 
Clinical characteristics of thrombospondin 
type-1 domain-containing 7A-associated mem-
branous nephropathy. Ren Fail 2020; 42: 966-
968.

[8]	 Radhakrishnan Y, Zand L, Sethi S and Ferven-
za FC. Membranous nephropathy treatment 
standard. Nephrol Dial Transplant 2024; 39: 
403-413.

[9]	 He HG, Huang YY, Liang QQ, Ye QR, Li AD, Ye K, 
Wu QX and You YW. Calcineurin inhibitors or 
cyclophosphamide in the treatment of mem-
branous nephropathy superimposed with 
FSGS lesions: a retrospective study from Chi-
na. Ren Fail 2023; 45: 2253930.

[10]	 Mankikian J, Caille A, Reynaud-Gaubert M, 
Agier MS, Bermudez J, Bonniaud P, Borie R, 
Brillet PY, Cadranel J, Court-Fortune I, Crestani 

Table 7. Multivariate analysis
Variable Estimate Std Error P Value OR Lower Upper
Age 0.015 0.018 0.393 1.015 0.98 1.052
BMI 0.537 0.152 <0.001 1.71 1.284 2.339
Risk Level 1.164 0.755 0.123 3.202 0.698 13.99
Diabetes History 1.972 0.636 0.002 7.186 2.118 26.356
Hypertension History 0.452 0.426 0.288 1.571 0.679 3.641
24-Hour Urine Protein (6 months) 0.801 0.146 <0.001 2.227 1.709 3.039
PLA2R (6 months) 0.33 0.057 <0.001 1.391 1.257 1.571
Note: BMI: body mass index, PLA2R: Phospholipase A2 receptor.

mailto:hhlxy7804@126.com
mailto:hhlxy7804@126.com


Application of different rituximab doses in IMN

1983	 Am J Transl Res 2025;17(3):1974-1984

B, Debray MP, Gomez E, Gondouin A, Hirschi-
Santelmo S, Israel-Biet D, Jouneau S, Juvin K, 
Leger J, Kerjouan M, Marquette CH, Naccache 
JM, Nunes H, Plantier L, Prevot G, Quetant S, 
Traclet J, Valentin V, Uzunhan Y, Wémeau-Ster-
vinou L, Bejan-Angoulvant T, Cottin V and 
Marchand-Adam S; EVER-ILD investigators and 
the OrphaLung network. Rituximab and myco-
phenolate mofetil combination in patients with 
interstitial lung disease (EVER-ILD): a double-
blind, randomised, placebo-controlled trial. 
Eur Respir J 2023; 61: 2202071.

[11]	 Sehn LH, Chua N, Mayer J, Dueck G, Trněný M, 
Bouabdallah K, Fowler N, Delwail V, Press O, 
Salles G, Gribben J, Lennard A, Lugtenburg PJ, 
Dimier N, Wassner-Fritsch E, Fingerle-Rowson 
G and Cheson BD. Obinutuzumab plus benda-
mustine versus bendamustine monotherapy  
in patients with rituximab-refractory indolent 
non-Hodgkin lymphoma (GADOLIN): a ran-
domised, controlled, open-label, multicentre, 
phase 3 trial. Lancet Oncol 2016; 17: 1081-
1093.

[12]	 Tam CS, Brown JR, Kahl BS, Ghia P, Gian-
nopoulos K, Jurczak W, Šimkovič M, Shadman 
M, Österborg A, Laurenti L, Walker P, Opat S, 
Chan H, Ciepluch H, Greil R, Tani M, Trněný M, 
Brander DM, Flinn IW, Grosicki S, Verner E, Te-
deschi A, Li J, Tian T, Zhou L, Marimpietri C, 
Paik JC, Cohen A, Huang J, Robak T and Hill-
men P. Zanubrutinib versus bendamustine and 
rituximab in untreated chronic lymphocytic leu-
kaemia and small lymphocytic lymphoma (SE-
QUOIA): a randomised, controlled, phase 3 tri-
al. Lancet Oncol 2022; 23: 1031-1043.

[13]	 Rivellese F, Surace AEA, Goldmann K, Sciacca 
E, Çubuk C, Giorli G, John CR, Nerviani A, Fos-
sati-Jimack L, Thorborn G, Ahmed M, Prediletto 
E, Church SE, Hudson BM, Warren SE, McK-
eigue PM, Humby F, Bombardieri M, Barnes 
MR, Lewis MJ and Pitzalis C; R4RA collabora-
tive group. Rituximab versus tocilizumab in 
rheumatoid arthritis: synovial biopsy-based 
biomarker analysis of the phase 4 R4RA ran-
domized trial. Nat Med 2022; 28: 1256-1268.

[14]	 Rovin BH, Adler SG, Barratt J, Bridoux F, Burdge 
KA, Chan TM, Cook HT, Fervenza FC, Gibson 
KL, Glassock RJ, Jayne DRW, Jha V, Liew A, Liu 
ZH, Mejía-Vilet JM, Nester CM, Radhakrishnan 
J, Rave EM, Reich HN, Ronco P, Sanders JF, 
Sethi S, Suzuki Y, Tang SCW, Tesar V, Vivarelli 
M, Wetzels JFM, Lytvyn L, Craig JC, Tunnicliffe 
DJ, Howell M, Tonelli MA, Cheung M, Earley A 
and Floege J. Executive summary of the KDIGO 
2021 Guideline for the Management of Glo-
merular Diseases. Kidney Int 2021; 100: 753-
779.

[15]	 Radzina M, Ratniece M, Putrins DS, Saule L 
and Cantisani V. Performance of contrast-en-

hanced ultrasound in thyroid nodules: review 
of current state and future perspectives. Can-
cers (Basel) 2021; 13: 5469.

[16]	 Raeissadat SA, Ghazi Hosseini P, Bahrami MH, 
Salman Roghani R, Fathi M, Gharooee Ahan-
gar A and Darvish M. The comparison effects 
of intra-articular injection of Platelet Rich Pl- 
asma (PRP), Plasma Rich in Growth Factor 
(PRGF), Hyaluronic Acid (HA), and ozone in 
knee osteoarthritis; a one year randomized 
clinical trial. BMC Musculoskelet Disord 2021; 
22: 134.

[17]	 Moroni G, Depetri F, Del Vecchio L, Gallelli B, 
Raffiotta F, Giglio E, Brunini F, D’Amico M, 
Longhi S, Radice A, Messa P and Sinico RA. 
Low-dose rituximab is poorly effective in pa-
tients with primary membranous nephropathy. 
Nephrol Dial Transplant 2017; 32: 1691-1696.

[18]	 Lu C, Zuo K, Le W, Chen W, Qin W, Zhang F, Li-
ang S, Zeng C and Wang J. Characterization of 
thromboelastography of patients with different 
pathological types of nephrotic syndrome. 
Medicine (Baltimore) 2020; 99: e18960.

[19]	 Lu C, Luo ZF, Tang D, Zheng F, Li S, Liu S, Qiu J, 
Liu F, Dai Y, Sui WG and Yan Q. Proteomic anal-
ysis of glomeruli, tubules and renal intersti-
tium in idiopathic membranous nephropathy 
(IMN): a statistically observational study. Medi-
cine (Baltimore) 2023; 102: e36476.

[20]	 Dahan K, Debiec H, Plaisier E, Cachanado M, 
Rousseau A, Wakselman L, Michel PA, Mihout 
F, Dussol B, Matignon M, Mousson C, Simon T 
and Ronco P; GEMRITUX Study Group. Ritux-
imab for severe membranous nephropathy: a 
6-month trial with extended follow-up. J Am 
Soc Nephrol 2017; 28: 348-358.

[21]	 Maharjan R, Wang JW and Shrestha IK. The ef-
ficacy of rituximab in the treatment of mem-
branous nephropathy. J Nepal Health Res 
Counc 2021; 18: 580-587.

[22]	 Li X, Shen Y, Li Y, Ma L and Sun Q. Clinicopatho-
logical characteristics and outcomes of PLA2R 
related idiopathic membranous nephropathy 
in patients with seronegative PLA2R antibod-
ies. Ren Fail 2024; 46: 2297015.

[23]	 Cravedi P, Ruggenenti P, Sghirlanzoni MC and 
Remuzzi G. Titrating rituximab to circulating B 
cells to optimize lymphocytolytic therapy in id-
iopathic membranous nephropathy. Clin J Am 
Soc Nephrol 2007; 2: 932-937.

[24]	 Wang Y, Wang H, Ma X, Zhu Z, Tian X, Fu R and 
Jia L. Characteristics of renal pathology and 
coagulation function in IgA nephropathy and 
IgA vasculitis associated nephritis. BMC 
Nephrol 2024; 25: 35.

[25]	 Liu Y, Tang Y, Le WB, Chen D, Liang D, Xu F, Li-
ang S, Zhong Y and Zeng C. The correlation 
between anti-phospholipase A2 receptor anti-
bodies and hypercoagulability in patients with 



Application of different rituximab doses in IMN

1984	 Am J Transl Res 2025;17(3):1974-1984

idiopathic membranous nephropathy. Ren Fail 
2024; 46: 2374448.

[26]	 Kumar S, Chapagain A, Nitsch D and Yaqoob 
MM. Proteinuria and hypoalbuminemia are 
risk factors for thromboembolic events in pa-
tients with idiopathic membranous nephropa-
thy: an observational study. BMC Nephrol 
2012; 13: 107.

[27]	 Hall R, Suarez S, Majumdar M, Lee I, Zacharias 
N, Gee D and Dua A. Thromboelastography 
with platelet mapping identifies high platelet 
reactivity is associated with obesity, diabetes, 
and thrombotic events. Ann Vasc Surg 2024; 
104: 227-236.

[28]	 Alsharidah AS. Diabetes mellitus and diabetic 
nephropathy: a review of the literature on he-
mostatic changes in coagulation and thrombo-
sis. Blood Res 2022; 57: 101-105.

[29]	 Li J, Wang X, Jiang S and Li W. Serum PLA2R 
antibody as a predictive biomarker for venous 
thromboembolism risk in primary membra-
nous nephropathy. Med Clin (Barc) 2023; 161: 
417-421.

[30]	 Zonozi R, Laliberte K, Huizenga NR, Rosenthal 
JK, Jeyabalan A, Collins AB, Cortazar FB and 
Niles JL. Combination of rituximab, low-dose 
cyclophosphamide, and prednisone for prima-
ry membranous nephropathy: a case series 
with extended follow up. Am J Kidney Dis 2021; 
78: 793-803.


