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Abstract
Context:

Idiopathic refractory membranous nephropathy (IRMN) often progresses to ESRD with limited
therapeutic options. Consequently, the development of novel and effective therapies for IRMN represents
an urgent unmet need in the field of nephrology.

Objective

This study evaluated the efficacy and safety of combining Obinutuzumab and Abe/moschus manihot
tablets for IRMN, hypothesizing synergistic actions targeting CD20 + B cells apoptosis and inflammation.

Methods

Thirty-one IRMN patients received combined therapy and were followed for 12 months. Primary endpoint
was remission rate (complete/partial). Secondary outcomes included biochemical and immunological
parameters and adverse events.

Results

At 12 months, the overall remission rate was 80% (complete: 16%; partial: 64%). Median time to
remission was 4.5 months (IQR 2.0-7.0). Immunological remission rates were 70% (3m), 83% (6m), 90%
(9m), and 93% (12m). Anti-PLA2R antibodies declined rapidly within 3 months in 80% of patients (p <
0.001); 64% achieved = 50% reduction by month 3. Antibodies became undetectable in all patients by
final follow-up. Adverse events were infusion-related reactions (fever, hypotension, tachycardia, flushing).
No deaths occurred.

Conclusion

The Obinutuzumab and Abelmoschus manihot tablets combination induced high remission rates in
IRMN, with rapid immunological response and a tolerable safety profile, representing a novel therapeutic
approach.

Introduction

Membranous nephropathy (MN) is a common glomerular disease, with a reported global annual
incidence of 1.2 per 100,000 population[1]. It exhibits a male predominance. Approximately 60% of
patients diagnosed with MN present clinically with proteinuria, hypoalbuminemia, hyperlipidemia, and
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edema, often accompanied by hypertension and hematuria[2]. The onset predominantly occurs in
middle-aged and elderly individuals. Another subset of patients manifests solely as asymptomatic
proteinuria[2].1diopathic membranous nephropathy (IMN) constitutes the majority of adult MN cases|3].
Recent evidence increasingly supports a critical role for autoimmunity in IMN pathogenesis[4] .Specific
biomarkers, namely anti-phospholipase A2 receptor (anti-PLA2R) antibodies, are detectable via renal
biopsy in 70—80% of MN patients, and increased glomerular PLA2R staining on biopsy correlates directly
with the presence of circulating PLA2R autoantibodies[5]. These anti-PLA2R antibodies are podocyte-
targeting autoantibodies produced by circulating B cells. Research has demonstrated that anti-PLA2R
antibodies exhibit high sensitivity for the differential diagnosis of IMNI[6, 7]. Moreover, anti-PLA2R
antibody titers correlate with disease activity, severity, and prognosis[8, 9]. Notably, approximately one-
third of patients with anti-PLA2R antibody-associated IMN ultimately progress to chronic kidney disease
(CKD)[8, 10].

Currently, the 2021 Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guideline
recommends rituximab (an anti-CD20 monoclonal antibody) as first-line therapy for idiopathic
membranous nephropathy (IMN)[11]. This recommendation is supported by preclinical studies indicating
that autoimmune injury mediated by CD20 + B cells constitutes a core pathological mechanism in
IMN[12]. Anti-CD20 therapy targets and depletes precursor B cells responsible for generating anti-PLA2R
antibodies, thereby preventing further autoantibody production. This approach is particularly beneficial
for patients with high anti-PLA2R antibody titers[13]. Clinical studies report remission rates of
approximately 65% with rituximab treatment in IMN patients[14].However, approximately 30% of patients
fail to achieve significant remission after six months of therapy. These patients are classified as having
idiopathic refractory membranous nephropathy (IRMN). The clinical utility of rituximab in IRMN is limited
by several factors, including delayed response, development of resistance, premature B-cells
reconstitution, and renal excretion, thereby substantially reducing its therapeutic efficacy[15, 16].
Patients with IRMN[17] exhibit a particularly poor prognosis and represent a subset at high risk of
progression to end-stage renal disease (ESRD). Consequently, the development of novel and effective
therapies for IRMN represents an urgent unmet need in the field of nephrology.

Obinutuzumab is a next-generation anti-CD20 monoclonal antibody developed following rituximab.
Compared to rituximab, which also targets CD20, Obinutuzumab features a fully humanized
structure[18]. This structural difference confers enhanced B-cells depletion efficacy. Pharmacokinetic
studies demonstrate that Obinutuzumab achieves significantly higher half-maximal occupancy of CD20
compared to rituximab, indicating superior binding characteristics[19]. Consequently, Obinutuzumab
holds significant clinical importance as a salvage therapy for patients with membranous nephropathy
(MN) who exhibit inadequate responses to prior rituximab or other conventional immunosuppressive
treatments.Furthermore, Abelmoschus manihot tablets, a traditional Chinese patent medicine,
demonstrate considerable efficacy in treating MN. The primary active component is derived from the
flowers of Abelmoschus manihot. Research indicates that Abelmoschus manihot mitigates proteinuria
and delays renal fibrosis through multi-target mechanisms, including anti-inflammatory effects,
immunomodulation, and podocyte protection[20, 21]. Currently, evidence regarding Obinutuzumab
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monotherapy for idiopathic refractory membranous nephropathy (IRMN) remains limited and
inconsistent, failing to provide a definitive assessment of its true efficacy in this population. Moreover, no
clinical studies have been reported on the integrated use of Obinutuzumab with traditional Chinese
medicine, specifically Abelmoschus manihot tablets, for IRMN.Therefore, we conducted this clinical
study to evaluate the efficacy of Obinutuzumab combined with Abelmoschus manihottablets in the
treatment of IRMN and to assess the safety profile of Obinutuzumab in this clinical setting.

Materials and Methods
1. Case collection

This study enrolled 31 patients with idiopathic refractory membranous nephropathy (IRMN) who were
hospitalized in the Department of Nephrology at Jiangsu Province Hospital of Traditional Chinese
Medicine between April 2023 and March 2025 and received treatment with Obinutuzumab combined
with Abelmoschus manihot tablets. Relevant patient data were collected, and medical records were
systematically archived. The inclusion criteria were: (I) age = 18 years; (Il) diagnosis of idiopathic
refractory membranous nephropathy (IRMN) according to KDIGO guidelines; (Ill) failure to achieve
adequate response after = 6 months of prior therapy including glucocorticoids, calcineurin inhibitors
(CNIs), cyclosporine A (CsA), cyclophosphamide (CTX), or rituximab (RTX), with persistent 24-hour
urinary protein excretion = 3.5 g/24h or = 50% of baseline levels; (IV) undergoing initial Obinutuzumab
treatment; and (V) availability of complete clinical data with a follow-up duration = 12 months. Exclusion
criteria comprised: (I) secondary membranous nephropathy; (Il) non-adherence to the study protocol;
and (Ill) irregular follow-up or loss to follow-up. The study protocol received approval from the
institutional ethics review board (Ethics Approval No. : (2025NL-092-02)), and written informed consent
was obtained from all participants after detailed explanation of the study procedures.

2. Definitions

Clinical remission, encompassing complete remission (CR) and partial remission (PR), was defined
according to the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines [11]. CR was defined as
24-hour urinary protein excretion < 0.3 g/24h, concomitant with a serum albumin concentration = 35 g/L
and stable renal function. PR was defined as 24-hour urinary protein excretion < 3.5 g/24h coupled with
a > 50% reduction in proteinuria from baseline, a serum albumin concentration = 30 g/L, and stable renal
function. Relapse was defined as a recurrence of 24-hour urinary protein excretion > 3.5 g/24h after
achieving remission. B-cells depletion was defined as a CD20 + B cell counts < 5 cells/pL, complete B-
cells depletion as < 1 cell/pL, and B-cells reconstitution as a CD20 + B cell counts = 5 cells/pL[22].
Immunological remission was defined as an anti-PLA2R antibody (aPLA2Rab) level < 14 RU/mL, with
immunological complete remission similarly defined as aPLA2Rab < 14 RU/mL. Risk stratification was
based on KDIGO guidelines and expert consensus; high-risk status was defined as: urinary protein
excretion > 8 g/24h persisting for over 6 months; or urinary protein excretion > 5 g/24h persisting after >
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3 months of supportive care; or urinary protein excretion > 3.5 g/24h persisting after > 6 months of
supportive care with a < 50% reduction from baseline, plus at least one of the following: (1) serum
albumin < 25 g/L or (2) aPLA2Rab = 150 RU/mL[23]. Refractory membranous nephropathy was defined
as persistent proteinuria = 3.5 g/24h with or without progressive renal function decline during treatment,
despite receiving at least 6 months of immunosuppressive therapy or combination therapy [17].

The primary endpoint was the overall remission rate, comprising both partial remission (PR) and
complete remission (CR). Secondary endpoints included the following efficacy parameters: urinary total
protein (UTP), serum albumin (ALB), serum creatinine (Scr), anti-PLA2R antibody levels, and CD20 + B
cell counts; safety was assessed by monitoring the occurrence of adverse events.

3. Statistical analyses

Statistical analyses were performed using SPSS version 26.0 and GraphPad Prism version 10.0.
Descriptive statistics were used for qualitative variables (e.g., demographic characteristics,
presence/absence of hypertension, presence/absence of hyperlipidemia), presented as frequencies,
percentages, or proportions. Quantitative variables conforming to a normal distribution were expressed
as mean t standard deviation (SD), with comparisons between groups analyzed using the independent
samples t-test. Quantitative variables not conforming to a normal distribution were expressed as median
(25th percentile, 75th percentile). For comparisons between two groups: if data were normally
distributed and variances were homogeneous (assessed using Levene's test), the independent samples
t-test was employed; if data were non-normally distributed or variances were unequal, the non-
parametric Mann-Whitney U test was used. A two-sided p-value < 0.05 was considered statistically
significant for all tests. Time-to-event outcomes (remission, complete remission) were analyzed using
the Kaplan-Meier method, and differences between groups were compared using the log-rank test.

4. Materials and Reagents

Obinutuzumab (Gazyva®) was provided by Roche Diagnostics GmbH under clinical trial supply
agreement. Obinutuzumab was diluted in 1000 mL normal saline. Abelmoschus Manihot tablets, a
hospital-prepared traditional Chinese medicine formulation developed by Jiangsu Province Hospital of
Traditional Chinese Medicine, is composed of =90% Abelmoschus manihot flower-derived active
compounds. This standardized preparation (Specification: 0.3g/tablet; Approval No.: Z04000511) is
clinically indicated for the management of proteinuria associated with chronic kidney disease.
Abelmoschus manihot tablets were administered at 1.8g three times daily.

The study was approved by the Institutional Ethics Committee at the study site and was conducted in
accordance with applicable regulatory requirements (Ethics Approval No. : (2025NL-092-02)), the
principles of the Declaration of Helsinki, and the International Council for Harmonisation Good Clinical
Practice guidelines. Written informed consent was obtained from all participating patients. The
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supplementary materials include the ethics committee approval document, study protocol for patient
enrollment, and informed consent forms.

Results
1. Baseline

This study ultimately enrolled 31 patients with idiopathic refractory membranous nephropathy (IRMN)
for clinical efficacy observation. The cohort comprised 25 males (80%) and 6 females (20%), with a
mean age of 48.8 £ 12.5 years. All patients received the combined therapy of Obinutuzumab and
Abelmoschus manihot tablets according to the specified treatment protocol: Obinutuzumab was
administered at a dose of 1.0 g per infusion, with a total cumulative dose of 3.0 g per treatment cycle
(subsequent doses administered at 2-week and 24-week intervals); Abelmoschus manihot tablets were
administered at 1.8g three times daily. The primary baseline clinical characteristics and prior
immunosuppressive regimens are summarized in Table 1.
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Table 1
Baseline Characteristics of the Study Cohort

Characteristic Total (n=31)
Sex, Male/Female, n (%) 25(80)/6K20[
Age, years 48.8+12.5

Age by Tertile, n (%)(<40/40-50/>50 years)  9/5/17

Disease Duration, months 33+30

24-h Urine Protein, g/24h 7.1+£3.5

Serum Albumin, g/L 27.5t47

Serum Creatinine, pmol/L 100.2 +58.7
anti-PLA2R Antibody Titer, RU/mL 141.5(77.2,261.2)
Comorbidities Hypertension, n(%) 20(62)
Comorbidities Hyperlipidemia, n(%) 13 (40)
Comorbidities Hyperuricemia, n(%) 8 (25)
Comorbidities Diabetes, n(%) 9 (28)

Previous Treatments before Obinutuzumab, n

ACEI/ARB 14
Cyclophosphamide 8

Glucocorticoids 19
Calcineurin Inhibitors 16
Rituximab 10

All 31 patients were evaluated from baseline through 24 weeks of Obinutuzumab combined with
Abelmoschus manihot tablets therapy. Prior to combination therapy, no patients met remission criteria
(defined as urinary protein excretion < 0.3 g/24h). Only 3 patients (10%) exhibited urinary protein
excretion levels between 0.15-3.5 g/24h, while the remaining 28 patients (90%) had nephrotic-range
proteinuria, with a mean baseline value of 7.1 £ 3.5 g/24h. At baseline, all patients tested positive for
anti-PLA2R antibodies. Renal biopsy had been performed in 23 patients (74%), with positive glomerular
PLAZ2R staining confirmed in all biopsied cases. The median anti-PLA2R antibody titer was 141.5 RU/mL.
Mean serum creatinine was 100.2 + 58.7 pmol/L and mean serum albumin was 27.5+ 4.7 g/L. Before
initiating combination therapy, patients had received the following prior immunosuppressive treatments:
glucocorticoids (n =19, 61%), calcineurin inhibitors (n =16, 52%), rituximab (n =10, 32%), and
cyclophosphamide (n = 8, 26%). Sixteen patients (52%) had received = 2 combined immunosuppressive
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regimens, all without achieving adequate proteinuria control. Most patients presented with comorbidities
including hypertension (n = 23, 74%), dyslipidemia (n = 21, 68%), and diabetes mellitus (n =9, 29%).

The majority of patients (30/31, 97%) received the standard obinutuzumab regimen of three 1,000 mg
doses (cumulative dose 3,000 mg). One patient (3%) required an additional 1,000 mg dose beyond this
regimen. Throughout obinutuzumab administration, all patients received concomitant therapy with
Abelmoschus manihot tablets as part of the renal function stabilization protocol.

2. Clinical Efficacy and Treatment Responses

The clinical response rate for all patients is shown in Fig. 1 (A-C). At the 12-month follow-up after
treatment with obinutuzumab combined with Abelmoschus manihot tablets, 25 patients achieved a
complete response (CR) or partial response (PR), resulting in an overall response rate (ORR) of 80%.
Among responders, 5 patients (16%) attained CR and 20 patients (64%) achieved PR. The median time to
response for the entire cohort was 4.5 months (IQR 2.0-7.0 months). Patients were stratified by risk into
intermediate-low risk (n =13, 42%) and high-risk (n = 18, 58%) groups. A comparison of CR/PR rates
between these groups is presented in Fig. 1 (D). By month 9, the intermediate-low risk group approached
a 99% response rate, achieving a 100% ORR (13/13 patients) by month 12, including 4 CRs. In contrast,
the high-risk group achieved an ORR of 72% (13/18 patients) at 12 months, consisting of 12 PRs and 1
CR; one relapse occurred. The response rate was significantly higher in the intermediate-low risk group
compared to the high-risk group (p = 0.03), with a hazard ratio (HR) of 0.73 (95% CI 0.50-1.07).

3. Changes in Clinical Parameters

We evaluated the effects of obinutuzumab combined with Abelmoschus manihot tablets on urinary total
protein (UTP), serum albumin (ALB), and serum creatinine (Scr) levels before and after treatment (Fig. 2).
UTP demonstrated a significant downward trend, decreasing steadily after the first obinutuzumab
administration from baseline levels [7.1 + 3.5 g/24h] to [2.3 + 2.2 g/24h] at the final follow-up (p <
0.0001). The mean percentage reduction in UTP reached 42.3% at month 3. By month 12, half of the
patients had achieved a reduction exceeding 50%, with responders exhibiting a mean reduction of 74.8%
at the last follow-up. Following risk stratification (intermediate-low risk vs. high-risk groups), both groups
showed similar overall trajectories in 24-hour UTP reduction. However, the intermediate-low risk group
exhibited a significantly faster decline rate during the first 3 months and maintained lower UTP levels
throughout the treatment cycle compared to the high-risk group (p < 0.05), demonstrating the higher
treatment responsiveness in this subgroup. Serum albumin levels significantly increased from baseline
[27.5+4.7 g/L] to [34.1 + 5.8 g/L] at study completion (p< 0.05). Trend analysis revealed that while the
high-risk group displayed a more gradual albumin increase, the intermediate-low risk group showed a
significantly steeper rise within the initial 3 months (p< 0.05). Beyond month 3, greater fluctuation was
observed in the intermediate-low risk group, resulting in no significant inter-group difference in albumin
levels by month 12. Scr levels decreased from baseline [100.2 + 58.7 pmol/L] to [76.9 + 28.2 pmol/L]
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post-final treatment. At the 12-month assessment, no significant difference in Scr was detected
compared to baseline (p = 0.438); notably, patients with elevated baseline Scr consistently exhibited a
declining trend by the end of follow-up.

4. Anti-PLA2R Antibody Dynamics and Immunological Remission

At baseline, all patients were seropositive for anti-PLA2R antibodies. By month 3 of follow-up, 9 patients
had achieved anti-PLA2R antibody seronegativity. At the end of follow-up, all patients achieved
seronegativity, signifying immunological remission. Compared to baseline, serum anti-PLA2R antibody
concentrations were significantly reduced at months 3, 6, and 12 (all p< 0.001; Fig. 3A), with decreases
of 133.8 RU/mL, 173.0 RU/mL, and 179.6 RU/mL, respectively; the reduction was most pronounced at
month 12 (mean reduction: 179.6 RU/mL, 95% Cl: 96.82 to 262.3; P< 0.0001). Comparing anti-PLA2R
antibody levels between the high-risk and intermediate-low risk groups, the high-risk group exhibited a
slightly faster rate of decline before month 3. However, by the end of follow-up, antibody levels were
similar between groups, with both achieving seronegativity (p = 0.6, non-significant). The relative
percentage decrease in anti-PLA2R antibody levels during treatment is shown in Fig. 3B. Using baseline
titer as 100%, patients in the highest tertile (red) demonstrated that although 5 patients in this high-titer
subgroup had anti-PLAZ2R levels > 25% of baseline (suggesting a half-life > 7 days) at week 4, only one
patient remained seropositive by week 8, indicating obinutuzumab efficacy in high-titer patients. The
overall immunological remission rate for all patients is presented in Fig. 3C: 70%, 83%, 90%, and 93% at
months 3, 6, 9, and 12, respectively; the corresponding immunological complete response rates were
35%, 74%, 80%, and 80%. When stratified by baseline PLA2R antibody titer, 16 patients had levels > 100
RU/mL. Theirimmunological complete response rates at months 3, 6, 9, and 12 were 25%, 56%, 68%, and
68%, respectively (Figs. 3D, E). These results demonstrate that patients with lower baseline titers
achieved higher response rates more readily and suggest an earlier response rate to obinutuzumab
treatment.

5. B-cells Depletion Kinetics

Treatment with obinutuzumab combined with Abelmoschus manihot tablets induced rapid B-cells
depletion, achieving complete B-cells depletion within the first 3 months. B-cells reconstitution
commenced at month 6, reaching higher levels by month 12. Mean CD20 + B cell counts at months 0, 3,
6, and 12 were 201 cells/pl, 0.2 cells/pl, 6 cells/pl, and 30 cells/pl, respectively. Comparative analysis of
B-cells kinetics and urinary total protein (UTP) trends (Fig. 4A) revealed that profound B-cells depletion
coincided with a substantial reduction in UTP levels (compared to post-month 3 values), with B-cells
depletion onset preceding UTP decline. Following B-cells reconstitution, the rate of UTP reduction
decelerated, particularly between months 9-12, yet UTP levels continued a stable downward trajectory
with a temporal lag. By month 12, a 65% relative reduction in UTP was achieved, indicating a favorable
prognostic indicator. B-cells kinetics demonstrated synchrony with immunological remission (Fig. 4B):
80% of patients achieved immunological remission by month 3, coinciding with complete B-cells
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depletion. During B-cells reconstitution, the rate of immunological remission gradually decreased but
maintained a slow upward trend.

6. Network Pharmacology Analysis Reveals the Molecular Mechanism Underlying the Synergistic
Effects of Obinutuzumab and Abelmoschus manihot Tablets in Idiopathic Refractory Membranous
Nephropathy

During obinutuzumab treatment, patients received concurrent Abelmoschus manihot tablets as
synergistic therapy. The primary active component of Abelmoschus manihottablets is Abelmoschus
manihot flower (AMF), which is widely utilized in treating kidney diseases. Clinical studies have
confirmed the significant efficacy of AMF in reducing proteinuria and retarding renal fibrosis progression.
Its principal bioactive constituents are flavonoids, such as quercetin and hyperin [24], known for their
positive roles in anti-inflammation and promoting CD20+ B cells apoptosis. To validate the associated
pharmacological mechanisms, we employed network pharmacology and molecular docking approaches.
Active constituents of AMF were screened from the HERB database (http://herb.ac.cn/). Quercetin and
hyperin were identified as the primary effective components; their SMILES structures were obtained and
uploaded to SwissTargetPrediction (http://www.swisstargetprediction.ch/) for target prediction. MN-
related and CD20-associated target genes were concurrently retrieved from the GeneCards database
(http://www.genecards.org/). The intersection of AMF-predicted targets with MN/CD20-related targets
yielded 29 overlapping genes between AMF and MN, and 14 common genes among all three categories
(Figure 5A). These overlapping genes were imported into STRING (https://string-db.org/) for core target
screening. A protein-protein interaction (PPI) network was constructed and visualized using Cytoscape
3.10.2 (Figure 5B), identifying the top five core targets: IL6, TNF, IL1B, CASP9, and JUN. Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway and Gene Ontology (GO) enrichment analyses
were subsequently performed using DAVID (https://david.ncifcrf.gov/) and a bioinformatics platform
(Figure 5C, D). Integrated results indicated that AMF exerts its therapeutic effects on MN primarily by
modulating cellular apoptosis (CD20+ B cells) and inflammatory responses at the functional level. At the
pathway level, AMF coregulates proteinuria and mitigates renal fibrosis principally through the AGE-
RAGE signaling pathway.

Furthermore, molecular docking was performed to validate the predicted interactions. Based on prior
analyses, the 3D structures of quercetin and hyperin were retrieved from the PubChem database
(https://pubchem.ncbi.nlm.nih.gov/) and converted to PDB format using Open Babel 2.4.0. The
complexes IL6-hyperin, IL6-quercetin, TNF-hyperin, and CASP9-hyperin were subjected to docking
simulations in AutoDock Vina (Figures 6A-D). Results demonstrated that the binding free energies
between the bioactive AMF constituents (quercetin/hyperin) and the inflammatory/CD20+ B cells
apoptosis targets (IL6, TNF, CASP9) were all below -6 kcal-mol-", indicating strong binding affinity. These
interactions were primarily mediated by hydrogen bonding and hydrophobic forces. Collectively, the
findings elucidate that AMF exerts its therapeutic effects in MN through dual mechanisms: (1)
promoting CD20+ B cells apoptosis to suppress inflammation, and (2) inhibiting renal fibrosis and
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protecting renal function by modulating the AGE-RAGE signaling pathway, thereby reducing proteinuria.
These complementary mechanisms synergize with obinutuzumab, enhancing its clinical efficacy.

7. Safety Profile

We documented all adverse events occurring in the study cohort. Based on previous reports detailing
common adverse reactions associated with biological agents[25], which include infusion-related
reactions (e.g., chills, fever, rash), infections, neutropenia, and hypogammaglobulinemia, the combination
therapy of obinutuzumab and Abelmoschus manihot tablets demonstrated a favorable safety profile in
our observational cohort. Notably, no patients progressed to end-stage renal disease or died. During the
follow-up period, only four patients experienced mild, transient adverse reactions, including fever,
hypotension, tachycardia, and facial flushing (Table2); these reactions resolved spontaneously and did
not recur during subsequent infusions.

Table 2 Adverse Events Observed in the Study Cohort

Adverse Event Total (n=31) n (%)

Fever 1
Hypotension 1
Tachycardia 1

Facial Flushing 1

Discussion

This study represents the first investigation employing a combination of obinutuzumab and
Abelmoschus manihot tablets, an integrated traditional Chinese and Western medicine approach, for the
treatment of idiopathic refractory membranous nephropathy. The therapeutic mechanism was explored
using network pharmacology and validated through molecular docking. Throughout the treatment period,
no pulse steroid therapy or other immunosuppressants were administered; treatment strictly adhered to
the obinutuzumab prescribing guidelines, ensuring a systematic and standardized regimen. Clinically, the
overall response rate (ORR) was 80% and the complete response (CR) rate was 16% in our cohort,
consistent with historical obinutuzumab data[22, 26], and compares favorably with the reported
rituximab response rate of approximately 68% for idiopathic MN[27-29]. Furthermore, immunological
responses demonstrated high reactivity, with 41% of patients achieving response within just 1 month,
preceding the clinical response - a finding aligning with other studies[30]. Notably, seven out of nine
patients who were previously unresponsive to rituximab achieved remission after the study treatment,
representing a significant advance. Importantly, only one recurrence was observed in this study. While
recurrence rates have not been statistically analyzed in prior obinutuzumab studies for MN, reported
recurrence rates for rituximab regimens are approximately 27%[14, 31]. The combination therapy of
obinutuzumab and Abelmoschus manihot tablets was associated with a markedly lower recurrence rate.
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The complete response (CR) rate in our cohort was 9% at 3 months and increased to 40% by 12 months.
These rates are comparable to those reported by Klomjit et al. [32] (which included 3 patients, all
achieving immunological response, with 2 partial responses and a CR rate of 33%) and Sethi et al. [33]
(who observed a CR rate of 40% [4/10 patients] at a median follow-up of 6 months), despite our study
enrolling a substantially larger patient population. Proteinuria level significantly influences the treatment
efficacy and prognosis in membranous nephropathy. Our results demonstrated significant reductions in
24-hour urinary total protein (24hUTP) excretion from baseline: 4.5 g/24h in the high-risk group and 3.79
g/24h in the intermediate/low-risk group. Given our specific focus on obinutuzumab for idiopathic
refractory membranous nephropathy, enrolled patients presented with refractory, persistently high
baseline UTP levels, inherently posing a greater treatment challenge. Notably, the overall UTP level had
decreased to below 50% of baseline by month 3. Furthermore, serum albumin (ALB) levels significantly
increased during follow-up. Although baseline serum creatinine (Scr) levels were largely within the
normal range for the cohort, Scr levels were effectively controlled in patients with elevated baseline Scr,
and the overall Scr level at the end of follow-up was lower than baseline. Collectively, these findings
underscore the significant therapeutic potential of obinutuzumab in the management of idiopathic
refractory membranous nephropathy.

Currently, according to the 2021 KDIGO Clinical Practice Guideline for Glomerular Diseases interpretation
for membranous nephropathy, anti-PLA2R antibody status has been established as an indicator for
diagnosis, treatment response, and prognosis[34]. In our study, anti-PLA2R antibody levels declined
rapidly following the first dose of obinutuzumab in 25 patients (80%); a = 50% reduction was achieved in
20 patients (64%), with levels exhibiting a sustained downward trend, and 12 patients (38%) achieved
seroconversion. By the end of follow-up, anti-PLA2R antibody levels had significantly decreased in both
the high-risk and intermediate/low-risk groups (p > 0.05, difference not statistically significant).
Furthermore, the complete response (CR) rate at 12 months was lower in patients with high baseline
anti-PLA2R antibody titers (> 100 RU/mL) compared to those with lower titers (= 100 RU/mL) (68% vs.
86%, respectively), a finding consistent with the report by Roads et al.[35]. These results collectively
suggest a favorable prognostic trajectory. When compared to the first-generation anti-CD20 biologic
rituximab for refractory MN, a study by Lin et al.[36] similarly demonstrated a rapid decline in anti-PLA2R
antibodies as early as week 6 following obinutuzumab treatment.

Regarding the safety profile of the obinutuzumab combined with Abelmoschus manihot tablets regimen,
published clinical studies specifically investigating obinutuzumab for membranous nephopathy remain
limited. Consequently, we also considered safety data from rituximab, which shares a similar
mechanism of action. The most frequently documented adverse event associated with rituximab is
infusion-related reactions[37]. Throughout our follow-up period, monitoring the cumulative incidence of
adverse events during treatment revealed no serious adverse events. Only a subset of patients
experienced transient adverse reactions at the initiation of infusion, predominantly manifested as fever,
tachycardia, hypotension, and facial flushing.
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Abelmoschus manihot tablets have been increasingly utilized in recent years for the clinical treatment of
membranous nephropathy, demonstrating significant efficacy in reducing proteinuria[24]. The primary
active constituents of Abelmoschus manihot, classified as flavonoids, are quercetin and hyperoside[38].
In our study, network pharmacology and molecular docking were employed to predict the mechanism of
action of Abelmoschus manihot tablets. Key therapeutic targets identified for MN treatment include IL6,
TNF, IL1B, CASP9, and JUN. KEGG and GO enrichment analyses revealed that these targets modulate
pathways such as “Apoptosis - multiple species” and “response to tumor necrosis factor”, thereby
promoting CD20 + B cells apoptosis and suppressing inflammatory responses. The apoptosis of CD20 +
B cells impedes the autoimmune response, reducing the production of autoantibodies (e.g., anti-PLA2R
antibodies). This mechanism aligns with that of obinutuzumab, suggesting that the combination therapy
synergistically enhances therapeutic efficacy. Furthermore, as inflammation is a primary driver of renal
fibrosis progression, results indicated that the active components of Abelmoschus manihot tablets exert
protective effects by modulating the AGE-RAGE signaling pathway, leading to decreased levels of pro-
inflammatory cytokines TNF-a and IL-6, and consequently inhibiting renal fibrosis progression. This
finding is consistent with prior research on Abelmoschus manihot in chronic kidney disease[39],
ultimately achieving the goals of ameliorating renal injury and reducing proteinuria.

Our protocol included the use of low-dose intravenous dexamethasone as adjunctive therapy. The
rationale for adding this corticosteroid was specifically to suppress the immune system and mitigate
potential immune activation, including immunogenic/allergic reactions, triggered by biologic agents like
obinutuzumab. Whether combining obinutuzumab with higher-dose corticosteroids yields superior
efficacy remains debatable; consequently, we employed only low-dose dexamethasone to inhibit such
immune-mediated reactions. Furthermore, prior to initiating the obinutuzumab regimen, enrolled patients
had received treatments including cyclophosphamide and calcineurin inhibitors. Upon enrollment, these
prior therapies were discontinued. Remarkably, significant therapeutic effects were observed with the
obinutuzumab and Abelmoschus manihot tablets combination alone. Nevertheless, despite achieving an
overall response rate of 80% with obinutuzumab for idiopathic refractory membranous nephropathy in
this study, 20% of patients exhibited either a lack of response or disease recurrence. The potential
benefit of extending the obinutuzumab treatment duration or employing additional combination
strategies for this subset of patients warrants further investigation.

Conclusion

The Obinutuzumab and Abelmoschus manihot tablets combination induced high remission rates in
IRMN, with rapid immunological response and a tolerable safety profile, representing a novel therapeutic
approach.
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Figure 1

Clinical Efficacy. A. Overall response rate (ORR) in all patients; B. Complete response rate (CR) in all
patients; C. ORR versus CR in the study cohort; D. Comparison of ORR and CR between high-risk and
intermediate/low-risk groups.
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Figure 2

Change Trend Graph of Efficacy Indicators. A. 24-hour urinary protein (UTP) changes over time (0, 3, 6, 12
months) in all patients; B.Serum albumin (ALB) recovery over time in all patients; C. Serum creatinine
(Scr) evolution over time. Subgroup analysis: Trend comparison of anti-PLA2R antibody titers (D), UTP
(E), and ALB (F) between high-risk and low-risk groups over time.Abbreviations: UTP, 24-hour urinary
protein excretion; ALB, serum albumin; Scr, serum creatinine.
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Figure 3

Anti-PLA2R Antibody Dynamics and Immunological Remission.A. Bar plot showing longitudinal changes
in anti-PLA2R antibody titers for all patients. B. Line graph depicting relative percentage change in anti-
PLAZ2R levels (baseline set as 100%). C. Immunological complete/partial remission rates in the overall
cohort. D. Immunological remission rates in patients with baseline aPLA2Rab >100 RU/mL. E.
Immunological remission rates in patients with baseline aPLA2Rab <100 RU/mL.
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Figure 4

B-Cell Depletion Kinetics. A. Dual-axis plot of CD20+* cell count versus relative percentage change in 24-
hour urinary protein (UTP). B. Dual-axis correlation between CD20* cell count and immunological
remission rate.
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Figure 5

Network pharmacology analysis. A. Venn diagram displaying distribution of 14 overlapping targets
among membranous nephropathy-associated genes, potential therapeutic targets of Abelmoschus
manihot, and CD20+* cell-related genes, with 29 shared targets between the first two categories. B.
Protein-protein interaction (PPI) network of targets common to membranous nephropathy and A.
manihot. C. Cytoscape visualization with node size scaled by degree centrality, showing 5 core targets
and 8 common targets clustered in two inner-layer circles. D. GO enrichment and KEGG pathway analysis
of A. manihot targets relevant to membranous nephropathy treatment.
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Figure 6

Molecular docking analysis. A-D. Binding poses of ligand-receptor complexes: A. IL-6 with hyperoside, B.
IL-6 with quercetin, C. TNF-awith hyperoside, D. Caspase-9 with hyperoside.
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