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Background: Anti-CD20 monoclonal antibody has become the first-line treatment option for primary membranous nephropathy
(PMN), regardless of PLA2R status. Obinutuzumab (OBZ), a humanized anti-CD20 monoclonal antibody, has shown higher remission
rates with an acceptable safety profile over rituximab (RTX), whether in the initial treatment or refractory PLA2R-associated
membranous nephropathy. However, the efficacy evaluation of the OBZ and RTX in PLA2R-negative PMN has not been reported yet.
Methods: 39 patients with PMN who were negative for serum anti-PLA2R antibodies and showed negative PLA2R staining in renal
biopsy were retrospectively included in this study, with 18 receiving OBZ and 21 receiving RTX. All patients received a 12-month
follow-up. The primary outcome was the rate of patients achieving complete or partial remission (CR or PR) at 12 months. Secondary
outcomes included changes in laboratory parameters, relapse, and adverse events.

Results: At 12 months, CR or PR was achieved in 17 of 18 (94.4%) patients in the OBZ group and 18 of 21 (85.7%) patients in the
RTX group, with the difference between the two groups not being statistically significant (OR=2.83, 95% CI: 0.27-29.96; p=0.61).
Kaplan-Meier analyses showed that the cumulative CR or PR rates were not significantly different (Log-Rank p=0.68). Adverse events
occurred in 4 cases (22.2%) in the OBZ group and 6 cases (28.6%) in the RTX group. During the 12-momth follow-up, no relapse was
observed in the OBZ group, whereas post remission relapse occurred in 2 (9.5%) of 21 patients in the RTX group (p=0.49).
Conclusion: In patients with PLA2R-negative PMN, OBZ demonstrated similar efficacy to RTX, and both had a favorable safety profile.
Keywords: primary membranous nephropathy, rituximab, obinutuzumab, M-type phospholipase A2 receptor, anti-CD20 monoclonal
antibody

Introduction

Primary membranous nephropathy (PMN) ranks as the second leading cause of nephrotic syndrome (NS) in adults,
following diabetic nephropathy.' Approximately 70% of patients with PMN have autoantibodies against the phospho-
lipase A2 receptor (PLA2R) in their circulating.® Over the past decade, researchers have also identified other target
antigens present in the remaining patients.* With the key pathogenic role of PLA2R in PMN gradually clarified, B-cell
depletion therapy seems to be gradually replacing the traditional approaches due to its good safety profile.” It is worth
noting that, currently, B-cell depletion therapy, namely anti-CD20 monoclonal antibodies, is mainly used in PMN
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patients with PLA2R-positive,” ° although the KIDGO guidelines recommend that anti-CD20 monoclonal antibodies
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Graphical Abstract

Targeting CD20 in Primary Membranous Nephropathy Serologically and Histologically Negative for

PLA2R: Is Obinutuzumab Superior to Rituximab?
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In patients with PLA2R-negative PMN, OBZ demonstrated similar efficacy to RTX, and

both had a favorable safety profile.

can be used in PMN patients, regardless of PLA2R status.” However, evidence regarding the efficacy of these therapies
for PLA2R-negative PMN remains scarce. Therefore, the efficacy of anti-CD20 monoclonal antibodies in PMN patients
with PLA2R-negative merits further investigation.

Anti-CD20 monoclonal antibodies mainly include murine-derived antibodies, such as rituximab (RTX), and human-
derived antibody, such as obinutuzumab (OBZ). It’s known that RTX has been recommended as a first-line therapy
option for PMN patients at intermediate to high risk.” OBZ, a humanized type II anti-CD20 monoclonal antibody (mAb),
exhibits stronger antibody-dependent cellular cytotoxicity (ADCC) but lower complement-dependent cytotoxicity (CDC)
than RTX, resulting in more efficient B-cell clearance.'® In recent years, several studies have reported that OBZ induces
higher remission rates and longer-lasting immunological responses in PMN patients with PLA2R-positive or negative,
especially in patients with refractory PMN who had a poor response to RTX.'""'* However, it remains unknown whether
the efficacy of OBZ is superior to that of RTX in PMN patients with PLA2R-negative.

Therefore, the aim of this study was to evaluate the therapeutic efficacy and safety of both drugs in this population.

Methods
Study Design and Participants

This retrospective cohort study enrolled consecutive patients diagnosed with membranous nephropathy at the Nephrology
Department of the Second Affiliated Hospital of Nanchang University between September 2021 and March 2024. The
inclusion criteria included: (i) age >18 years; (ii) newly diagnosed PMN confirmed by renal biopsy; (iii) a negative
baseline serum anti-PLA2R antibody level and absence of PLA2R deposition in glomeruli by immunofluorescence; (iv)
clinical manifestation of NS, defined as proteinuria >3.5 g/d, serum albumin <30 g/l and required an estimated
glomerular filtration rate (eGFR) >30 mL/min/1.73m?; (v) receiving RTX or OBZ and completing at least 12 months
of follow-up. Patients who had received corticosteroids or immunosuppressive therapy within 6 months prior to initiating
RTX or OBZ, as well as those with secondary MN due to autoimmune diseases, malignancies, viral hepatitis, or HIV
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infection, were excluded from this study. The study protocol was approved by the Ethics Committee of the Second
Affiliated Hospital of Nanchang University (approval no.: No. EFY20221011), and all included patients signed a written
informed consent.

Clinical Data

Patient demographic and clinical information was obtained through the electronic medical record. Baseline data were
defined as the assessed value of the patient’s first hospitalized for treatment with OBZ or RTX. Follow-up time was
recorded from baseline for all patients, and proteinuria, serum creatinine, eGFR, serum albumin, and treatment-related
adverse events were systematically recorded at 3, 6, and 12 months, respectively. €GFR was calculated according to the
CKD-EPI formula.'> Serum anti-PLA2R antibody levels were measured by the EUROIMMUN ELISA, and results <14
RU/mL were considered negative."'® Glomerular PLA2R deposition was assessed by immunofluorescence as previously
described.'”'® The staining intensity was semi-quantitatively scored as follows: 0, negative; 0.5, very weak; 1, weak; 2,
moderate; 3, strong.

Treatment Protocols

Participants were treated with RTX or OBZ. The RTX regimen consisted of 375 mg/m? intravenously weekly for 4 doses
or 1 g intravenously every 2 weeks for 2 doses. RTX was reintroduced for those who did not achieve significant
resolution of proteinuria (ie, proteinuria persisted at >3.5 g/d or decreased by less than 50% from baseline) within 6
months of the initial reintroduction of the drug, or who experienced a relapse. Thirty minutes prior to the RTX infusion,
5 mg of intravenous dexamethasone and 50 mg of intramuscular diphenhydramine were administered as premedication.
The OBZ regimen was 1 g intravenously every 2 weeks for 2 doses. Thirty minutes prior to the infusion of OBZ, an
intravenous administration of 80 mg of methylprednisolone, an oral dose of 10 mg of ebastine, and 600 mg of oral
acetaminophen were administered as premedication. All patients received concomitant conventional supportive therapy,
including renin-angiotensin-aldosterone system (RAAS) inhibitors, diuretics, and lipid-lowering medications, as deter-
mined by the treating physician on a clinical basis.

Study Outcomes and Definitions

The primary outcome was the proportion of patients achieving complete or partial remissions (CR or PR) at 12 months.
Secondary outcomes included changes in laboratory parameters, relapse rate, and occurrence of treatment-related adverse
events. CR was defined as proteinuria <0.3 g/d while maintaining stable renal function. PR was characterized by a reduction
in proteinuria of at least 50% from baseline levels to a level between 0.3 and 3.5 g/d, accompanied by stable renal function.
Relapse was defined as a renewed and sustained increase in proteinuria exceeding 3.5 g/d following the achievement of CR
or PR. Primary refractoriness was defined as the failure to achieve at least a PR by the end of the 12-month observation
period. A decline in renal function was indicated by a >50% decrease in eGFR from baseline or progression to ESRD, which
is marked by persistently low eGFR (<15 mL/min/1.73 m?) or the initiation of long-term dialysis.

Statistical Analysis
For continuous variables following a normal distribution, data were presented as mean + standard deviation (SD), with
group comparisons performed using the independent samples #-test. Variables not conforming to normality were reported
as median with interquartile range (IQR, 25th-75th percentiles) and analyzed via the Mann—Whitney U-test. Categorical
variables were summarized as counts and percentages, with Fisher’s exact test employed for between-group analysis.
Kaplan-Meier cures were applied to evaluate cumulative remission, and group differences were assessed using the Log
rank test. In addition, multifactorial logistic regression models unadjusted as well as adjusted for age, serum albumin, and
eGFR were constructed to assess independent associations between treatment regimens and remission outcomes.

All statistical analyses were done using SPSS software (version 26.0; IBM Corp., Armonk, NY, USA). Data
visualization was carried out with GraphPad Prism (version 10.1.2) and R software (version 4.4.3). A two-sided
p-value of <0.05 was regarded as indicative of statistical significance.
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PMN patients diagnosed by renal biopsy between
September 2021 and March 2024 (n=291)

Excluded:
@ Baseline serum anti-PLA2R > 14 RU/ml

and renal biopsy positive for PLA2R
(n=201)
@ Not receiving complete treatment course
(n=10)
39 PMN patients enrolled @ Not completing 12-months follow-up
(n=36)
@ Baseline eGFR < 30ml/min/1.73m? (n=5)

All patients treated with rituximab (n=21)

e The rituximab regimen: 375 mg/m?
intravenously weekly for 4 doses or 1
g intravenously every 2 weeks for 2
doses.

All patients treated with Obinutuzumab

(n=18)

¢ The Obinutuzumab regimen: 1 g
intravenously every 2 weeks for 2
doses.

Figure | Patient selection flowchart.
Abbreviations: PMN, primary membranous nephropathy; Anti-PLA2R, anti-M-type phospholipase A2 receptor; eGFR, estimated glomerular filtration rate.

Results

Baseline Characteristics

This study enrolled 39 patients diagnosed with PMN based on renal biopsy, all of whom tested negative for serum anti-
PLA2R antibody at baseline. Among them, 18 patients were treated with OBZ, while the remaining 21 received RTX
(Figure 1). The overall cohort had a median (IQR) age of 52 years (44—63), and 31 individuals (79.5%) were male. The
mean (SD) of serum albumin and eGFR of the overall cohort were 25.1+3.5 g/l and 90.8424.8 mL/min/1.73m?,
respectively. The median (IQR) of proteinuria and serum creatinine were 7.7 g/d (5.6-12.3) and 80.6 umol/l (71.1-92.8),
respectively. No significant differences were observed between the two groups regarding age, gender, and baseline
clinical parameters, including serum creatinine, proteinuria, eGFR, serum albumin and blood pressure (P>0.05) (Table 1).

Primary Outcome

At 12 months, 17 out of 18 patients (94.4%) in the OBZ group and 18 out of 21 patients (85.7%) in the RTX group
achieved CR or PR (OR=2.83, 95% CI: 0.27-29.96; p=0.61) (Table 2). Kaplan-Meier analysis showed that the
cumulative CR or PR rate was higher in the OBZ group than in the RTX group from month 6 post-treatment.
However, the Log rank test showed no significant difference between groups (p=0.68) (Figure 2A).

Table | Baseline Characteristics of Patients in the Obinutuzumab and Rituximab Groups

Characteristic Total Obinutuzumab Rituximab P value
N=39 N=18 N=21
Age, year 52 (44-63) 51 (40-54) 55 (39-64) 0.15
Male sex, n (%) 31 (79.5) 14 (77.8) 17 (81.0) 1.00
Blood pressure, mmHg
Systolic 121 (112-134) 120 (112-128) 123 (112-137) 0.22
Diastolic 78 (72-85) 75 (71-82) 80 (76-90) 0.06
Serum albumin, g/L 25.1+£3.5 26.1£2.7 24.3+4.0 0.10
Serum creatinine, umol/L | 80.6 (71.1-92.8) | 76.8 (64.6-89.3) | 84.3 (78.1-104.8) 0.14
Proteinuria, g/d 7.7 (5.6-12.3) 7.0 (54-10.4) 8.5 (6.6—12.5) 0.21
eGFR, mL/min/1.73m? 90.8+24.8 99.2+18.8 84.0+27.4 0.06

Notes: Values are presented as mean * SD, n (%), or median (interquartile range); P < 0.05 was statistical difference.
Abbreviation: eGFR, estimated glomerular filtration rate.
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Table 2 Complete Remission, Composite Remission and Relapse at 3—12 months in Patients in the Obinutuzumab
and Rituximab Groups

Variables Obinutuzumab Rituximab Unadjusted OR (95% CI) | Adjusted OR (95% CI) *
NO. with Remission or Relapse/Total NO.(%)
Complete remission
3 mo 0 0 - -
6 mo 5/18 (27.8) 4/18 (22.2) 1.35 (0.30-6.13) 1.04 (0.17-6.35)
12 mo 8/18 (44.4) 5/21 (23.8) 2.56 (0.65—10.06) 2.50 (0.56-11.07)
Complete or partial remission
3 mo 5/18 (27.8) 10/21 (47.6) 0.42 (0.11-1.62) 0.22 (0.04-1.33)
6 mo 16/18 (88.9) 12/18 (66.7) 4.00 (0.68-23.41) 5.91 (0.73-47.78)
12 mo 17/18 (94.4) 18/21 (85.7) 2.83 (0.27-29.96) 1.99 (0.11-36.01)
Relapse 0 2/21 (9.5) 0.91 (0.79-1.04) -

Notes: *Adjustment by age, serum albumin and eGFR. mo, months; Values are presented as No. of Patients with Remission or relapse/Total No. (%).

The CR rates at 12 months were 44.4% and 23.8% in the OBZ and RTX groups, respectively (OR=2.56, 95% CI:
0.65-10.06; p=0.20) (Table 2). Kaplan—Meier analysis further indicated no significant difference in the cumulative CR
rate between the groups (log-rank p = 0.47) (Figure 2B).

Given the known effects of age, serum albumin, and eGFR on PMN disease severity and treatment outcomes, as well
as their tendency to show relatively strong associations in univariate logistic analyses (Figure S1), the study incorporated
these three variables into a multifactorial logistic regression model to further control for possible confounders.
Multifactorial logistic regression adjusting for the aforementioned variables showed no significant difference at the 12-
month follow-up CR or PR rates between the OBZ and RTX groups (adjusted OR = 1.99, 95% CI: 0.11-36.01) (Table 2).

Secondary Outcome

Proteinuria levels decreased from 7.0 g/d (5.4—10.4) at baseline to 0.3 g/d (0.3—0.7) at 12 months in the OBZ group, and
from 8.5 g/d (6.6—12.5) at baseline to 0.6 g/d (0.2-2.3) at 12 months in the RTX group (p = 0.23) (Figure 3A) (Table S1).
Although serum albumin levels increased in both groups at 12-month follow-up, the difference between the two groups
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Figure 2 (A) Kaplan-Meier analysis of complete or partial remission in the rituximab and obinutuzumab groups. (B) Kaplan-Meier analysis of complete remission in the
rituximab and obinutuzumab groups.
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Figure 3 Changes in clinical indicators during follow-up in patients in the rituximab and obinutuzumab groups. (A) Proteinuria, expressed as median (interquartile range).
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Abbreviations: Scr; serum creatinine; eGFR, estimated glomerular filtration rate; SD, standard deviation.

did not reach statistical significance (p = 0.22) (Figure 3B) (Table S1). Furthermore, not significant differences were
observed between the two groups regarding the changes in eGFR and serum creatinine (p = 0.27 and p = 1.00,
respectively) (Figure 3C and D) (Table S1).

Throughout the follow-up period, no patients in either group experienced progressive decline in renal function or
progression to ESRD. No relapse occurred in the OBZ group, whereas 2 patients (9.5%) in the RTX group experienced
relapse after achieving remission (OR = 0.91, 95% CI: 0.79-1.04; p = 0.49) (Table 2). Both patients regained remission
after re-treatment with RTX.

Adverse Events

Adverse events were reported in 6 (29%) patients in the RTX group and 4 (22%) patients in the OBZ group (p=0.73) (Table 3).
Infections occurred in 4 (19%) patients receiving RTX and 3 (17%) patients treated with OBZ, all of which were mild to
moderate pulmonary or urinary tract infections. All cases improved following standard outpatient antimicrobial therapy. Drug
infusion reactions occurred in 1 case (5.6%) in the OBZ and 2 cases (9.5%) in the RTX group, and were resolved by slowing the
infusion rate and treatment with dexamethasone. In addition, 1 patient in the RTX group developed mild liver enzyme elevations,
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Table 3 Adverse Events Occurring in the Obinutuzumab and
Rituximab Groups

Event Obinutuzumab | Rituximab | P value
(N=18) (N=21)
Any adverse event® 4 (22.2) 6 (28.6) 0.73
Infections 3(16.7) 4 (19.0) 1.00
Pneumonia 2(11.1) 3 (14.3) 1.00
Urinary tract infections 1 (5.6) 1 (4.8) 1.00
Drug infusion reactions 1 (5.6) 2 (9.5 1.00
Elevated liver enzymes 0 1 (4.8) 1.00

Notes: Values are presented as No. of Patients with adverse events (%); *No. of patients
with adverse events/the No. of total events; P < 0.05 was statistical difference.

which were considered to be related to the combined use of atorvastatin, and liver function returned to normal after
discontinuation of the drug. No malignant neoplasms, serious cardiovascular events, or deaths were observed in any of the
patients throughout the follow-up period.

Discussion

B cells are considered to be key immune mediators in the pathogenesis of PMN.'® Anti-CD20 mAbs targeting B cells
have become an important therapeutic option for PMN, and related therapeutic strategies are being optimized. It has been
shown that OBZ is superior to RTX in inducing longer-lasting and more complete B-cell depletion in PMN patients with
PLA2R-positive or negative.”’ This study focused on PLA2R-negative PMN patients and represents the first systematic
comparison of the efficacy and safety of OBZ and RTX in this population. The results showed that the two treatment
regimens were comparable in terms of efficacy in inducing CR or PR within 12 months (OBZ vs RTX: 94.4% vs 85.7%,
OR=2.83, 95% CI: 0.27-29.96, p=0.61), with both treatments demonstrating good tolerability, suggesting that for PMN
patients with PLA2R-negative who do not respond well to RTX treatment, it might not be necessary to switch to OBZ.

RTX, a chimeric murine/human anti-CD20 mAb, contains murine sequences in its variable region, which is prone to
induce the production of anti-drug antibodies (ADAs) and subsequently reduce its clinical efficacy.?! Studies have shown
that approximately 23-43% of patients develop ADAs after receiving RTX, of which about 80% possess neutralizing
activity.”> >* This significantly impairs RTX-mediated CDC and ADCC, leading to rapid B-cell reconstitution, increased
disease relapse rates and diminished therapeutic responses. In contrast, OBZ is a humanized type I anti-CD20 mAb with
enhanced affinity for the FcyRIIla receptor after glycosylation of the Fc region, resulting in increased ADCC activity and
lower immunogenicity, leading to longer-lasting B-cell clearance and a lower risk of ADAs.'%*’

Hu et al'' conducted a retrospective study in an overall PMN population and found that OBZ resulted in
a significantly higher clinical remission rate than RTX at 12 months, achieved a higher rate of immune remission in
the PLA2R-positive subgroup, and sustained CD19" B-cell depletion for a longer duration. Consistently, Xue et al also
found that OBZ is effective as an initial treatment for PLA2R-associated PMN.'* Furthermore, OBZ showed good
salvage therapy potential in patients with refractory PMN who were unresponsive to or relapsed after RTX treatment.'>2°
Thus, OBZ may represent an attractive alternative therapy in RTX-refractory patients or in initial treatment of PMN.
However, our study did not observe superior clinical efficacy of OBZ in PLA2R-negative PMN patients. We speculate
that this discrepancy may be related to the inherent differences in the B-cell clearance mechanisms of the two drugs, as
well as the different immune backgrounds of the study populations.

PLA2R and thrombospondin domain-containing 7A (THSD7A) are the most common PMN target antigens known,
present in 70% and 1-5% of patients, respectively.>*’ In recent years, several novel target antigens have been discovered in
PLA2R-negative PMN, including neural epidermal growth factor-like 1 protein (NELL-1),?® semaphorin 3B (Sema3B),*’ and
exotosin 1 and 2 (EXT1/2).>° These novel antigen-associated antibodies are mostly IgG1-based and are more likely to activate
the classical complement pathway than PLA2R-associated IgG4.>' Moreover, PMN may not be limited to localized
glomerular lesions, and the newly proposed immune-inflammatory-MGN triplets hypothesis suggests a broader systemic
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immune activation involving chemokines, the JAK-STAT pathway, and both T-cell and B-cell signaling networks.** These
findings indicate that PLA2R-negative PMN may be driven by distinct immunopathogenic mechanisms compared to PLA2R-
positive disease. Within such an immune context, even the pharmacodynamically superior agent like OBZ, with its intensive
B-cell depletion strategy, may not necessarily provide additional clinical benefits. However, this hypothesis still requires
further validation through larger cohort studies and mechanistic investigations.

In terms of safety, no serious adverse events were observed in this study. The incidence of adverse events was lower
in the OBZ group than in the RTX group, but the difference was not statistically significant. The most common adverse
events in both groups were infusion reactions and infections, both of which resolved with symptomatic treatment. This is
consistent with the observations in the study by Hu et al'' as well as with results from other studies involving patients
with refractory PMN.'%!32¢ It is noteworthy that no relapses occurred in the OBZ group during follow-up, whereas 2
patients in the RTX group experienced relapse following remission. Although this difference did not reach statistical
significance, it raises the possibility that OBZ may provide more sustained disease control compared with RTX, which
warrants further investigation in larger studies. Overall, both treatment regimens demonstrated a good safety profile.

Limitations

This study has several limitations. First, as a retrospective study, there may have been selection bias and potential
confounders. Second, the relatively limited sample size may have restricted the statistical power, and the absence of
patients who switched from RTX to OBZ prevents any analysis of this treatment approach. However, given that PLA2R-
positive PMN accounts for approximately 70% of cases and PLA2R-negative PMN is a relatively rare clinical subtype,
the acquisition of relevant samples remains challenging.® Therefore, future multicenter, large-sample, prospective studies
are needed to further validate the findings of this study.

Conclusion

In conclusion, this study focused for the first time on PLA2R-negative PMN patients and found that OBZ and RTX had
similar efficacy in such patients in terms of inducing clinical remission and safety. Further prospective randomized
controlled trials are still needed to validate the results of this study and to comprehensively assess the efficacy and safety
of OBZ in different PMN patient populations and clinical contexts.
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