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Purpose: There are increasing reports of atypical membranous nephropathy (AMN) cases with similar pathological characteristics to 
secondary membranous nephropathy (SMN) without definite underlying causes. Although rituximab has become a first-line option in 
treating idiopathic membranous nephropathy (IMN), the efficacy and safety of rituximab-based regimen for AMN is not clear.
Patients and Methods: This is a retrospective, single-center study. AMN patients who received rituximab-based therapy were 
included. IMN patients treated with rituximab during the same period were selected as the control group matched by gender, sex, 
baseline urinary protein and albumin levels. Baseline data and follow-up data were collected.
Results: A total of 20 AMN patients and 40 IMN patients were included. The baseline levels of urinary protein were comparable 
between the two groups [6.77 (IQR 3.34, 11.49) g/24 h vs 6.47 (IQR 3.4, 10.76) g/24 h, P=0.944]. The baseline levels of serum 
albumin were 26.15±6.71 g/L and 26.8±5.54 g/L (P=0.689) respectively. The cumulative remission rate for rituximab-based treatment 
at the 12th month was lower in AMN group than IMN group [13 (65%) vs 36 (90%), P=0.045]. In AMN group, non-responders 
showed a higher level of proteinuria and a worse renal function at baseline than those of responders. There was no significant 
difference in the overall adverse events or serious adverse events between the two groups.
Conclusion: In our study, AMN patients obtained proteinuria remission in a lower percentage compared with IMN patients. In 
general, rituximab-based therapy is effective in AMN patients with an acceptable safety profile.
Keywords: rituximab, atypical membranous nephropathy, idiopathic membranous nephropathy, efficacy

Introduction
Membranous nephropathy (MN) is a leading cause of nephrotic syndrome (NS) in adults.1 Approximately one-third of 
MN cases are classified as secondary MN (SMN) because they could be attributed to systemic autoimmune diseases, 
infections, malignancies, or medications.2 According to immunofluorescence (IF), light microscopy (LM), and electron 
microscopy (EM), SMN has its own unique pathological characteristics, including positive C1q deposition, mesangial 
and endothelial cell proliferation, and deposits of subendothelial and subepithelial electron dense materials.3

In recent years, there have been increasing reports of atypical MN (AMN) cases.4–6 This group of patients usually 
showed similarity of pathological characteristics to SMN but no definite underlying causes of MN could be identified. 
According to a Chinese single-center study,5 the main clinical manifestation in patients with AMN is nephrotic syndrome 
and hematuria is more common compared with idiopathic MN (IMN). Based on recent data, serum PLA2R antibody 
could not be used to differentiate AMN from IMN.5

There is no uniform treatment regimen for AMN patients with nephrotic syndrome. The most widely used immu-
nosuppressive therapies (IST) included corticosteroids combined with alkylating agents and calcineurin inhibitors (CNIs) 
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based regimen. It seemed that the renal outcomes were similar between IMN and AMN patients.6 Nonetheless, adverse 
effects such as severe infections and metabolic abnormalities still remained a matter of concern.7,8

In the past decade, rituximab has emerged as a promising new first-line therapeutic option with positive results in the 
treatment of IMN.9–14 The efficacy and safety of a rituximab-based regimen for nephrotic syndrome brought on by AMN, 
however, have not been described. In this study, we reported 20 AMN patients treated with Rituximab-based regimen. 
Comparisons were made between AMN and IMN patients in treatment response and side effects.

Methods
Study Design and Participants
This is a single-center, retrospective study conducted in Peking Union Medical College Hospital (PUMCH). All IMN and 
AMN patients admitted to the Department of Nephrology from January 2017 to January 2022 were screened. The 
inclusion criteria for the AMN patients were as follows: 1) in addition to immune complex deposition under the epithelial 
and thickening GBM, renal biopsy showed at least one of the following characteristics: a) moderate or marked mesangial 
and/or endothelial proliferation; b) immune complex and electron dense deposits deposited in mesangial and/or 
subendothelial areas; c) “full house” in immunofluorescence, that is IgG, IgA, IgM, C3, C1q positive; 2) serum tests 
were negative for antinuclear antibodies, anti-neutrophil cytoplasmic antibody, hepatitis B surface antigen, e antigen, 
e antibody, core antibody, hepatitis C surface antibody and serum immunofixation electrophoresis; 3) no evidence of 
malignancy; 4) no history of suspicious medication intake prior to disease onset; 5) received rituximab-based therapy; 6) 
followed up for at least 6 months after rituximab treatment. IMN patients treated with rituximab during the same period 
were 1:2 matched by gender, sex, baseline urinary protein and albumin levels. The inclusion criteria for the IMN cohort 
were as follows: 1) renal biopsy showed immune complex deposition under the epithelial and thickening GBM without 
mesangial cells proliferation, mesangial matrix proliferation, or endothelial cell proliferation; 2) no immune complex or 
electron dense deposits deposited in mesangial and subendothelial; 3) no C1q positivity in IF; 4) serum tests were 
negative for antinuclear antibodies, anti-neutrophil cytoplasmic antibody, hepatitis B surface antigen, e antigen, 
e antibody, core antibody, hepatitis C surface antibody and serum immunofixation electrophoresis; 5) no evidence of 
malignancy; 6) no history of suspicious medication intake prior to disease onset; 7) received rituximab-based therapy; 8) 
followed up for at least 6 months after rituximab treatment. MN patients accompanied with possible IgA nephritis were 
excluded. This study protocol was performed in accordance with the Declaration of Helsinki. And the protocol was 
reviewed and approved by the Institution Review Board of Peking Union Medical Hospital (ZS-2816, I-23PJ636). 
Written informed consent were acquired from all participants.

Data Collection
The medical records of included patients were carefully reviewed to collect the data. Baseline data included age, gender, 
body mass index (BMI), comorbidity and complication, previous treatment and response, course of the disease, dosage of 
rituximab, concomitant immunosuppressive therapy, and comprehensive laboratory test results, such as 24 h urinary 
protein (24hUP), serum albumin (Alb), serum creatinine (sCr), uric acid (UA), serum complement, serum IgG and 
CD19+ B cell counts. The estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI formula.15 The 
results of anti-phospholipase A2 receptor (PLA2R) tests before rituximab treatment were also documented. The 
pathological characteristics were collected and the AMN diagnosis were checked by both clinicians and pathologists. 
Following the initial rituximab treatment, levels of 24hUP, Alb, sCr, anti-phospholipase A2 receptor (PLA2R) antibody, 
and CD19+ B cell counts were measured at 3rd, 6th, and 12th months.

Treatment Regimen
Patients received a single dose of 1g rituximab to achieve B-cell depletion. Repeated dosing of rituximab was 
recommended when B cell repopulation occurred during follow-up. The frequency and doses of rituximab administration 
were adjusted by the physicians in accordance with the underlying condition. The application of combined medications 
including corticosteroids, immunosuppressive drugs, ACE inhibitor and ARB were recorded.
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Definitions
Nephrotic Syndrome (NS) was defined as urinary protein ≥3.5 g/24 h and serum albumin <30 g/L. Complete remission 
(CR) was defined as reduction of urinary protein from baseline to a value ≤0.3 g/24 h with normalization of serum 
albumin levels (≥35g/L). Partial remission (PR) was defined as reduction of urinary protein >50% from baseline and 
a value less than 3.5 g/24 h with the improvement of serum albumin concentration from baseline to≥30g/L. None 
remission (NR) was defined as a urinary protein reduction <50% from baseline values. B-cell depletion was defined as <5 
CD19+ B cells/mm3 in the circulation. B cell repopulation was defined as ≥5 circulating B cells/mm3 after B cell 
depletion. The anti-PLA2R antibody was defined as positive when the titers were >14 RU/mL as measured with the 
standardized commercial ELISA (Euroimmun, Lubeck, Germany). Patients who achieved PR or CR were defined as 
responders. Accordingly, non-responders are those who did not achieve remission during follow-up. Relapse was defined 
as recurrence of proteinuria ≥3.5 g/day after partial or complete response.

Statistical Methods
Categoric variables were expressed as frequency and percentage and continuous variables were expressed by mean ± SD 
(for data that were normally distributed), or median and inter-quartile range (IQR) (for data that were not normally 
distributed). When the data were normally distributed, independent t-tests were used to compare the means of continuous 
variables. Otherwise, the Mann–Whitney test was used. The Chi-square test and Fisher exact tests were used to compare 
the variations of categorical variables. Cumulative incidences and time to remission were performed with Kaplan–Meier 
curves and Log rank test. Cox proportional hazards models were used to analyze the factors related to remission. All 
statistical analyses were performed using SPSS version 22.0 software. A P value of 0.05 is statistically significant.

Results
Baseline Characteristics
A total of 20 AMN patients were included in this study. In renal pathology, all of them showed at least one characteristic of 
mesangial and/or endothelial proliferation (18 patients), immune complex and electron dense deposits deposited in multisite 
(16 patients), and “full house” in immunofluorescence (14 patients). Forty IMN patients matched with age, gender, baseline 
urinary protein and serum albumin levels, were selected as control group. Baseline characteristics are summarized in Table 1. 
The male to female ratio group was 13:7 in both groups. The mean age of AMN patients and IMN patients was 36.05±12.87 
years old and 40.63±12.08 years old, respectively (P=0.181). The levels of urinary protein were comparable between AMN 
and IMN patients at baseline [6.77 (IQR 3.34, 11.49) g/24 h vs 6.47 (IQR 3.40, 10.76) g/24 h, P=0.944]. And the levels of 
serum albumin were 26.15±6.71 g/L and 26.8±5.54 g/L (P=0.689) respectively. In AMN group, the median eGFR was 102.80 
(IQR 72.73, 124.01) mL/min/1.73 m2. Correspondingly, the median eGFR was 100.26 (IQR 76.77, 115.66) mL/min/1.73 m2 

in IMN group. 75% of the AMN patients and 80% of the IMN patients received prior immunosuppressive treatments 
(P=0.912). All patients received anti-PLA2R autoantibodies test before rituximab treatment. Twelve (60%) AMN patients and 
twenty-five (62.5%) IMN patients were anti-PLA2R autoantibodies positive (P=0.851) (Table 1).

Treatment Responses
The median follow-up period after rituximab infusion was 13.5 (IQR 12.0, 30.5) months in AMN group and 23.5 (IQR 
14.25, 34.5) months in IMN group (P=0.107). In AMN group, 16 (80%) patients received repeated rituximab treatment 
during follow-up with 2 doses in 9 cases, 3 doses in 4 cases and 4 doses in 3 cases. In IMN group, 33 (82.5%) patients 
received repeated rituximab treatment during follow-up with 2 doses in 20 cases, 3 doses in 7 cases, 4 doses in 3 cases and 
5 doses in 3 cases. The cumulative doses of rituximab did not differ between the two groups (2.30±0.98g vs 2.38±1.10g, 
P=0.707). All patients achieved complete B-cell depletion in the two groups. During follow-up, 10 of 12 AMN patients and 
25 of 25 IMN patients presented serum anti-PLA2R antibodies negative conversion after rituximab infusion. In AMN 
group, CR was achieved in 4 (20%) patients and PR was achieved in 9 (45%) patients. In IMN group, CR was achieved in 
14 (35%) patients and PR was achieved in 22 (55%) patients. The cumulative remission rate at 12th month was lower in 
AMN group than IMN group [13 (65%) vs 36 (90%), P=0.045] (Figure 1 and Table 2). The clinical outcome expressed by 
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Kaplan–Meier analysis is shown in Figure 2. No significant difference was observed between two groups in the median 
levels of urinary protein and serum albumin at 3rd, 6th, 9th, 12th months (shown in Figure 3 and Table 2).

In AMN group, the baseline urinary protein level of responders was lower than non-responders [4.36 (IQR 2.34, 8.71) 
vs 12.58 (IQR 6.9, 17.4) g/24h, P= 0.008)]. Responders had a higher eGFR at baseline of 106.74 (IQR 96.07, 
125.73) mL/min/1.73 m2 than non-responders [72.62 (IQR 65.83, 91.74) mL/min/1.73m2, P=0.036]. Moreover, the 
level of the serum IgG was higher in responders when compared with non-responders [5.83±1.87 vs 2.89±0.52 g/L, 
P=0.001]. (Table 3). Univariate COX proportional hazards models showed that urinary protein and serum IgG levels at 
baseline (grouped by quartile) were associated with response in AMN group (Table S1).

Table 1 Baseline Characteristics of Patients with AMN and IMN Treated with RTX-Based Regimen

AMN n=20 IMN n=40 P

Age, years 36.05±12.87 40.63±12.08 0.181
Men, n (%) 13 (65%) 26 (65%) 1

BMI 27.42±4.297 27.16±4.62 0.834

Clinical history
Disease duration, months 29.0 (8.25, 66.0) 23.5 (9.75, 48.0) 0.47

Prior immunosuppressive therapy 15 (75%) 32 (80%) 0.912

One course 3 (15%) 8 (20%) 0.906
Two courses 6 (30%) 15 (37.5%) 0.566

≥three courses 4 (30%) 9 (22.5%) 0.825
Previous remission, n (%) 10 (50%) 21 (52.5%) 0.855

Comorbidity, n (%)

Hypertension 13 (65%) 27 (67.5%) 0.846
Diabetes mellitus 5 (25%) 7 (17.5%) 0.732

Coronary heart disease 1 (5%) 0 –

Hyperlipemia 17 (85%) 31 (77.5%) 0.732
Laboratory Findings

Anti-PLA2R tested, no. (%) 20 (100%) 40 (100%) –

Anti-PLA2R positive, no. (%) 12 (60%) 25 (62.5%) 0.851
Anti-PLA2R, RU/mL 40.3 (0, 83.2) 25.65 (0, 115.3) 0.848

Serum albumin, g/dl 26.15±6.71 26.80±5.54 0.689

Urinary protein, g/24 hr 6.77 (3.34, 11.49) 6.47 (3.40, 10.76) 0.944
Serum creatinine, umol/L 74.50 (59.50, 110.00) 80.50 (61.25, 106.75) 0.882

eGFR, mL/min/1.73 m2 102.80 (72.73, 124.01) 100.26 (76.77, 115.66) 0.766

Serum cholesterol, mmol/L 6.17 (5.34, 7.24) 6.80 (5.49, 8.30) 0.383
Triglyceride, mmol/L 1.98 (1.39, 3.38) 2.08 (1.24, 3.11) 0.737

Uric acid, mmol/L 389.95±136.01 393.50±83.12 0.915

IgG, g/L 4.80±2.09 5.17±2.24 0.548
Serum C3, g/L 1.09±0.33 1.10±0.28 0.934

Serum C4, g/L 0.21±0.06 0.24±0.08 0.289

Lymphocytes, /ul 2280 (1580, 2700) 2442 (1845, 3191) 0.295
CD19+ B cell, /ul 258 (129, 451) 220 (101, 491) 0.766

Treatment regimen

Prednisone 11 (55%) 28 (70%) 0.251
Prednisone dose at initiation (mg) 30 (15, 30) 20 (15, 30) 0.272

Co- immunosuppressive therapy 16 (80%) 33 (82.5%) 0.813

Cyclophosphamide, n 3 (15%) 5 (12.5%) 0.874
Cyclosporine, n 5 (25%) 18 (45%) 0.133

Tacrolimus, n 8 (40%) 8 (20%) 0.099

Tripterygium glycosides, n 0 1 (2.5%) -
ACEI/ARB use, % 7 (35%) 22 (55%) 0.144

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; ACEI, angiotensin converting enzyme inhibitors; ARB, 
angiotensin receptor blocker.
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Kidney Function Stabilization
At 12th after rituximab treatment, the median eGFR of the two groups both maintained stable with 108.59 (IQR 73.50, 
118.94) in AMN group and 104.24 (IQR 92.18, 117.96) mL/min/1.73 m2 and IMN group, respectively. But there were 2 
patients in AMN group who showed kidney function deterioration with eGFR decreased >30%. One patient suffered 
acute kidney injury after a strike of pneumocystis Carinii pneumonia (PCP) at 6th month and received temporary 

Figure 1 The percentage of patients in remission state (dark green bar), non-remission state (orange bar) and lost follow-up status (light green bar) in the AMN group and 
MN group during follow-up.

Table 2 Outcome of Patients with IMN and AMN Treated with RTX-Based Immunosuppressive Regimen

AMN n=20 IMN n=40 P

Follow-up duration 13.5 (12.0, 30.5) 23.5 (14.25, 34.5) 0.107
Cumulative Remission at 12 m 13 (65%) 36 (90%) 0.045

Complete remission, n (%) 4 (20%) 14 (35%) 0.232

Partial remission, n (%) 9 (45%) 22 (55%) 0.465
Time to achieve PR, m 3.0 (2.5, 5.5) 3.0 (2.0, 5.0) 0.899

B cell depletion, n (%) 20 (100%) 40 (100%) -

PLA2R-Ab depletion 10/12 25/25 -
Time to achieve Ab depletion 4.0 (2.75, 11.0) 2.0 (1.0, 8.0) 0.109

Follow up in 3 m (n) 20 40

Serum albumin level, g/L 33.16±8.65 33.98±5.86 0.671
Urinary protein, g/24 hr 2.56 (1.22, 10.69) 2.15 (1.28, 8.62) 0.543

Remission at 3 m 9 (45%) 21 (52.5%) 0.584

Follow up in 6 m (n) 20 40
Serum albumin level, g/L 33.90±7.90 34.75±7.73 0.692

Urinary protein, g/24 hr 2.03 (0.84, 8.33) 1.78 (1.1, 5.42) 0.602

Remission at 6 m 11 (55%) 30 (75%) 0.116
Follow up in 9 m (n) 19 39

Serum albumin level, g/L 37.83±6.17 38.05±6.81 0.903

Urinary protein, g/24 hr 1.02 (0.73, 5.42) 1.47 (0.50, 3.26) 0.587
Remission at 9 m 11 (57.9%) 32 (82%) 0.098

Follow up in 12 m (n) 17 35

Serum albumin level, g/L 38.25±8.50 40.24±5.30 0.319
Urinary protein, g/24 hr 0.94 (0.41, 4.43) 0.95 (0.25, 2.56) 0.462

Serum creatinine, umol/L 73.00 (65.25, 105.50) 78.00 (59.00, 95.50) 0.752

eGFR, mL/min/1.73 m2 108.59 (73.50, 118.94) 104.24 (92.18, 117.96) 0.541
Remission at 12 m 12 (70.6%) 32 (91.4%) 0.123

Abbreviations: PR, partial remission; eGFR, estimated glomerular filtration rate; m, month.
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continuous renal replacement therapy (CRRT). And the eGFR decreased from 91.74 mL/min/1.73 m2 at baseline to 
24.22 mL/min/1.73 m2 at 12th month. Another patient had a gradually progressed renal function from 72.13 mL/min/ 
1.73 m2 to 45.91 mL/min/1.73 m2.

Relapse
In AMN group, 1 patient relapsed after complete remission and the remission state was maintained for one and a half year. 
In IMN group, 2 patients relapsed during follow-up. One patient achieved partial remission at 2nd month and relapsed 
after 12 months. Another patient achieved partial remission at 6th month and sustained remission state for 2 years.

Figure 2 Kaplan–Meier curves for the percentages of participants achieving complete remission and partial remission.

Figure 3 Rituximab-based regimens induced proteinuria remission (A) and albumin level elevation (B) in both IMN group (green lines) and AMN group (blue lines). The bars 
show median with interquartile range in (A) and mean with SD in (B). *p < 0.05 vs baseline; **p < 0.01 vs baseline; ***p < 0.001 vs baseline.
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Association Between Anti-PLA2R Antibody and Treatment Response
In AMN group, 7/12 (58.3%) of the patients with positive anti-PLA2R antibodies achieved remission while 6/8 (75%) of 
the patients with negative anti-PLA2R antibodies achieved remission (P=0.439). In IMN group, 24/25 (96%) patients 
with positive anti-PLA2R antibodies achieved remission, while 12/15 (80%) in the negative group achieved remission 
(P=0.107). The levels of serum albumin and urinary protein did not differ significantly among subgroups divided by anti- 
PLA2R antibodies and regimens during follow-up (Table S2).

Table 3 Baseline Characteristics of Responders and Non-Responders of Patients with AMN Treated with RTX-Based 
Regimen

Responder n=13 Non-Responder n=7 P

Age, years 32 (25, 44) 32 (30, 33) 0.968

Men, n (%) 7 (53.8%) 6 (85.7%) 0.137

BMI 29.25 (21.98, 31.65) 25.76 (25.30, 27.75) 0.552
Clinical history

Disease duration, m 24.0 (7.0, 64.0) 33.0 (26.0, 87.0) 0.341

Prior immunosuppressive therapy 9 (69.2%) 6 (85.7%) 0.402
One course 3 (23.1%) 0 -

Two courses 3 (23.1%) 3 (42.9%) 0.363
≥three courses 3 (23.1%) 3 (42.9%) 0.363

Previous remission, n (%) 6 (46.2%) 4 (57.1%) 0.639

Comorbidity, n (%)
Hypertension 7 (53.8%) 6 (85.7%) 0.137

Diabetes mellitus 2 (15.4%) 3 (42.9%) 0.183

Coronary heart disease 1 (7.7%) 0 -
Hyperlipemia 10 (76.9) 7 (100%) -

Laboratory Findings

Anti-PLA2R tested, n (%) 12 (92.3%) 7 (100%) -
Anti-PLA2R positive, n (%) 7 (53.8%) 5 (71.4%) 0.439

Anti-PLA2R, RU/mL 36.35 (0, 75.58) 72.7 (0, 145) 0.225

Serum albumin, g/dl 27.0 (22.0, 36.0) 23.0 (19.0, 25.0) 0.052
Urinary protein, g/24 hr 4.36 (2.34, 8.71) 12.58 (6.9, 17.4) 0.008

Serum creatinine, umol/l 67.00 (53.00, 86.00) 115.00 (70.00, 124.00) 0.039

eGFR, mL/min/1.73 m2 106.74 (96.07, 125.73) 72.62 (65.83, 91.74) 0.036
Serum cholesterol, mmol/L 5.78 (5.15, 7.20) 6.18 (6.07, 8.88) 0.452

Triglyceride, mmol/L 1.82 (1.21, 3.10) 2.49 (1.81, 6.61) 0.219

Uric acid, mmol/L 370 (300, 563) 338 (247, 437) 0.552
IgG, g/L 5.83±1.87 2.89±0.52 0.001

Serum C3, g/L 1.19±0.36 0.9±0.14 0.058

Serum C4, g/L 0.23±0.05 0.18±0.08 0.137
Lymphocytes, /ul 2280 (1545, 3020) 2115 (1479, 2692) 0.599

CD19+ B cell, /ul 274 (181, 455) 233 (116, 314) 0.405

Treatment regimen
Prednisone 5 (38.5%) 6 (85.7%) 0.035

Prednisone dose at initiation (mg) 30 (12.5, 30) 30 (22.547.5) 0.421

Co- immunosuppressive therapy 11 (84.6%) 5 (71.4%) 0.587
Cyclophosphamide, n (%) 1 (7.7%) 2 (28.6%) 0.224

Cyclosporine, n (%) 4 (30.8%) 1 (14.3%) 0.402

Tacrolimus, n (%) 6 (46.2%) 2 (28.6%) 0.439
ACE inhibitor/ARB use, n (%) 6 (46.2%) 1 (14.3) 0.137

Follow-up duration 13 (12, 33) 16 (9, 22) 0.936

B cell depletion, n (%) 13 (100%) 7 (100%) -
PLA2R-Ab depletion 6/7 4/5 0.795
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Adverse Events
As shown in Table 4, in AMN group, there were 7 adverse events observed including 1 PCP, 2 upper respiratory tract 
infections, 2 urinary tract infections, 1 intestinal infection and 1 skin infection. In IMN group, there were 11 adverse 
events including 1 PCP, 2 upper respiratory tract infections, 2 urinary tract infections, 2 intestinal infections, 2 skin 
infections, 1 suppurative tonsillitis and 1 esophagitis. The two cases of PCP infections both recovered after treatment. 
The incidences of adverse events showed no significant difference between AMN and IMN group (P=0.550).

Discussion
Our study was the first to report the efficiency and safety of rituximab-based regimen in AMN. In recent years, there has 
been an increasing number of AMN cases reported. However, clinical research on AMN is relatively scarce. In clinical 
practice, AMN is considered as a pathological variant of IMN and treated based on therapies of IMN. For patients with 
IMN, rituximab has become a promising first-line treatment option with a favorable efficacy and safety profile.16–20 

MENTOR trial demonstrated the non-inferiority of rituximab to cyclosporine in inducing proteinuria remission.11 And 
the competition between cyclophosphamide and rituximab in patients with IMN remains open after the RICYCLO21 

study and STARMAN study.10 However, the efficiency and safety of rituximab on AMN are not very clear. In our study, 
rituximab appears to be effective in reducing proteinuria in AMN patients with an apparent lower response rate when 
compared to IMN patients.

The comparisons between AMN and IMN in the treatment responses to conventional therapies have been made by 
previous research but the results are disputed. According to Jiang’s cohort study,6 there was no significant difference in 
the overall proteinuria remission rate at 6th month (59.1% vs 52.0%, P = 0.334) between the AMN and IMN patients 
who received glucocorticoid combined with cyclophosphamide or CNIs. In contrast, Sam et al22 found a significant 
difference in the average proteinuria of IMN and “lupus-like” MN patients after 3.5 years of follow-up [5.7 vs 3.1 g/d] 
with treatment of renin–angiotensin system inhibitor (RASi), prednisone, cyclosporine, and cyclophosphamide. These 
contradictory findings imply that more research is required to explore appropriate treatment options for AMN.

The reason for the less efficiency of rituximab in AMN group than IMN is unclear. Behind the differences in the 
pathological manifestation of renal biopsy, there may exist distinction in pathogenesis mechanism. From the perspective 
of mesangial proliferation, it is indicated that mesangial cells play a crucial role in the regulation of inflammation and 
immunity through their cross-talk with other intrinsic renal cells according to a single-cell profiling in MN.23 Thus, AMN 
patients might suffer more serious immunological and inflammatory disorders than IMN patients. Different complement 
deposition patterns also suggest different mechanisms. Complement activation evidently exists in patients with MN.24–26 

As the initiation factor of classical complement pathway, C1q showed a low frequency in the immune deposits in 
IMN,27,28 which is consistent with the fact that IgG4, the IgG subclass that predominates in IMN, is unable to activate the 
classical pathway. It has been proposed that IMN may involve alternate or lectin pathway rather than the conventional 
pathway. In contrast, AMN tends to have a higher prevalence of C1q positive. Although the exact impact of complement 

Table 4 Adverse Events of AMN Patients and IMN Patients Treated with RTX-Based Regimen

AMN n=20 IMN n=40 P

Serious adverse event
Pneumonia 1 (5%) 1 (2.5%) 0.621

Non-serious adverse event

Upper respiratory tract infection 2 (10%) 2 (5%) 0.595
Urinary tract infection 2 (10%) 2 (5%) 0.966

Esophagitis 0 1 (2.5%) -

Suppurative tonsillitis 0 1 (2.5%) -
Intestinal infections 1 (5%) 2 (5%) -

Skin and soft tissue infection 1 (5%) 2 (5%) -
Overall events 7 (35%) 11 (27.5%) 0.550
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activation on MN pathophysiology is not fully understood, different pathways may correspond to different pathogenic 
processes. Differences in immune mechanism behind their pathological manifestations may be the possible reason to 
explain the discrepancy in treatment response.

Our study demonstrated that the proteinuria remission of AMN patients was associated with baseline levels of urine 
protein. And the baseline renal function of non-responders was worse than that of responders. This finding was also 
consistent with previous studies. Giuseppe Remuzzi et al29 identified baseline proteinuria as an independent predictor of 
the decline of proteinuria and observed an increased GFR among those who achieved complete remission. What’s more, 
we found that the level of baseline serum IgG was significantly higher in responders.

Consistent with previous evidence,5 anti- PLA2R antibodies could not distinguish IMN from SMN cases in our 
research. And there was no significant difference between antibodies positive subgroup and antibodies negative subgroup 
in baseline clinical characteristics and treatment responses in our study. Franck Pourcine30 did not detect a difference 
between PLA2R-related and PLA2R-unrelated MN in clinical characteristics and remission rates. A Chinese cohort31 

found that patients with detectable PLA2R-Ab had a worse prognosis than those with undetectable PLA2R-Ab at onset. 
A meta-analysis of 21 studies32 did not identify a significant relationship between anti-PLA2R antibody status and the 
efficacy of rituximab in MN. It was already been described that high initial PLA2R-Ab titer was correlated with larger 
amount of proteinuria and worse outcome.33–41 In the AMN group, the anti- PLA2R antibody level of non-responders 
appeared to be higher than those of responders, but the difference was not significant. The sample size might not be 
sufficient to detect a meaningful difference.

The safety profile of rituximab-based therapy in AMN patients and IMN patients was comparable. Previous studies 
have reported an acceptable safety profile of rituximab9,20,42,43 or rituximab-based therapy44 in IMN patients. The total 
adverse events as well as serious adverse events did not differ significantly between AMN group and IMN group, 
suggesting an acceptable safety profile of rituximab-based regimen in patients with AMN.

We acknowledge limitations due to the retrospective nature and the small samples sizes. Our observations will need to 
be validated in larger cohorts of patients or RCT. Further enrollments are underway.

Conclusion
In our study, AMN patients obtained remission of proteinuria in a lower percentage in comparison to IMN patients at 
one year. In general, rituximab-based therapy is effective in AMN patients with an acceptable safety profile.
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