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Abstract: Objectives: This study aimed to evaluate the clinical efficacy and safety of obinutuzumab (OBZ) in patients
with Idiopathic membranous nephropathy (IMN), comparing outcomes between treatment-naive and previously
treated individuals. Methods: This was a single-center, retrospective cohort study involving 163 adult IMN patients
who received at least one cycle of OBZ between January 2020 and December 2023. Participants were stratified into
an Initial Therapy group (first-line OBZ, n=51) and a Non-Initial Therapy group (prior immunosuppressive treatment
failure, n=112). Key data assessed at baseline, 1, 3, 6, and 12 months included: 24-hour urinary protein excretion
(UPE), serum albumin, estimated glomerular filtration rate (eGFR), serum anti-phospholipase A2 receptor antibody
(anti-PLA2R) titer, peripheral B-cell counts, and treatment-related adverse events. Results: Among 163 enrolled pa-
tients, clinical remission rates at 3 months were significantly higher in the Initial Therapy group (54.90% vs. 37.50%,
P=0.037), though rates converged by 12 months (90.20% vs. 82.14%, P=0.186). The Initial Therapy group showed
greater reductions in UPE (e.g., 1.42 vs. 2.47 g/24 h at 12 months, P<0.001) and greater increases in serum al-
bumin (41.23 vs. 37.84 g/L at 12 months, P<0.001). Anti-PLA2R titers declined more rapidly in the Initial Therapy
group (8.27 vs. 24.86 RU/mL at 12 months, P<0.001). Safety profiles were similar between groups. Conclusion:
OBZ is an effective and well-tolerated treatment for IMN, with an earlier initiation associated with faster clinical and
serological response.
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Introduction

Idiopathic membranous nephropathy (IMN) re-
presents the most common pathologic cause
of nephrotic syndrome in non-diabetic adults,
constituting a significant burden of primary glo-
merular disease worldwide [1]. Its global inci-
dence is estimated at 1 to 2 cases per 100,000
person-years, with a notably higher and increas-
ing prevalence observed in Asian populations,
particularly in China where it now accounts for
a substantial proportion of glomerular diseases
[2]. This immune-mediated disorder is funda-
mentally characterized by the deposition of
antigen-antibody complexes along the subepi-
thelial side of the glomerular basement mem-
brane, leading to complement activation, podo-
cyte injury, and consequent proteinuria [1]. The
identification of specific podocyte antigens,
primarily the M-type phospholipase A2 receptor
(PLA2R) and thrombospondin type-1 domain-

containing 7A (THSDT7A), has revolutionized the
understanding of IMN as an organ-specific
autoimmune condition, providing crucial diag-
nostic and prognostic biomarkers [3, 4].

The pathogenesis of IMN is intrinsically linked
to B-cell dysregulation, as these lymphocytes
are responsible for generating the pathogenic
autoantibodies, predominantly of the 1G4 sub-
class, that target antigens like PLA2R [3, 4].
The clinical course of IMN is highly variable;
while approximately one-third of patients may
experience spontaneous remission, another
third risk progressive renal decline towards
end-stage renal disease (ESRD) over a decade
if left untreated. This shows the necessity for
effective therapeutic intervention [4, 5]. Current
management strategies, as per guidelines,
involve supportive care for all patients and
immunosuppressive therapy for those at high
risk of progression [4]. Traditional immunosup-
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pressive regimens, including corticosteroids
combined with alkylating agents or calcineurin
inhibitors, though effective in many cases, are
often limited by suboptimal efficacy, significant
toxicity profiles, and high relapse rates [6].

The central role of B cells in IMN pathophysiol-
ogy logically positions B-cell depletion as a
targeted therapeutic strategy. The anti-CD20
monoclonal antibody rituximab has emerged as
a cornerstone in this approach, demonstrating
efficacy and securing a recommendation in
contemporary treatment guidelines [7]. How-
ever, clinical experience reveals substantial
limitations: rituximab fails to induce remission
in a considerable proportion of patients (up to
40%), and its mechanism may be inadequate
due to incomplete depletion of autoreactive
B-cell clones or its inability to target antibody-
producing plasma cells that do not express
CD20 [8]. Furthermore, variable pharmacoki-
netics and potential immunogenicity can com-
promise its effectiveness, highlighting a clear
unmet need for more potent and reliable B-cell-
targeted therapies in IMN [9].

Obinutuzumab is a novel, humanized, glycoen-
gineered type Il anti-CD20 monoclonal anti-
body designed to overcome the limitations of
earlier agents like rituximab [10]. Its distinct
mechanism of action includes enhanced anti-
body-dependent cellular cytotoxicity (ADCC)
and phagocytosis (ADCP), as well as a superior
capacity to induce direct, non-apoptotic B-cell
death, while exhibiting reduced complement-
dependent cytotoxicity [11-13]. Preclinical mod-
els have consistently shown obinutuzumab to
be more effective than rituximab in depleting B
cells and controlling disease [13]. This en-
hanced biologic activity has translated into clin-
ical success in B-cell malignancies and shows
promising signals in autoimmune conditions
like lupus nephritis, providing a strong rationale
for its investigation in IMN [14]. Therefore, eval-
uating the clinical effect of obinutuzumab, both
in treatment-naive patients and in those refrac-
tory to prior therapies, is a critical step towards
improving the outcome of this challenging
glomerulopathy.

Materials and methods
Research design and study participants

This was a single-center, retrospective, obser-
vational cohort study conducted at the De-
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partment of Nephrology, Yuncheng Central
Hospital, China. The primary objective was to
evaluate the clinical efficacy and safety of
obinutuzumab in the treatment of adult pa-
tients with IMN. The study retrospectively
enrolled a total of 163 patients who received at
least one cycle of obinutuzumab between
January 2020 and December 2023. All includ-
ed patients were aged 18 years or older and
had a confirmed diagnosis of IMN, established
either by renal biopsy demonstrating character-
istic findings of membranous nephropathy or by
a persistently positive serum anti-phospholi-
pase A2 receptor (anti-PLA2R) antibody titer
(>20 RU/mL) in the appropriate clinical con-
text, in accordance with current diagnostic
guidelines. Secondary causes of membranous
nephropathy, such as systemic lupus erythe-
matosus, viral infections (hepatitis B/C, HIV),
solid tumors, or exposure to specific drugs or
toxins, were rigorously excluded through com-
prehensive clinical, serological, and radiologic
evaluations at the time of initial diagnosis and
prior to obinutuzumab initiation.

Patients were categorized into two distinct
groups based on their treatment history at the
time of initiating obinutuzumab. The “Initial
Therapy Group” comprised patients who re-
ceived obinutuzumab as the first-line immuno-
suppressive regimen for IMN, having not been
previously treated with corticosteroids, alky-
lating agents, calcineurin inhibitors, or other
B-cell depleting agents like rituximab for their
nephropathy. The “Non-Initial Therapy Group”
included patients who received obinutuzumab
after failing to achieve an adequate clinical
response (defined as persistent nephrotic-
range proteinuria or failure to attain partial/
complete remission) or experiencing intoler-
ance to at least one prior line of standard
immunosuppressive therapy, which could in-
clude corticosteroids, cyclophosphamide, calci-
neurin inhibitors, or rituximab. The minimum
follow-up period after the first obinutuzumab
infusion was set at 6 months for inclusion in the
final analysis to allow for meaningful assess-
ment of treatment response. Key exclusion cri-
teria were: 1) a known history of severe hyper-
sensitivity to obinutuzumab or any of its excipi-
ents; 2) presence of severe, uncontrolled con-
current medical conditions including advanced
heart failure (NYHA Class lll/IV), decompensat-
ed liver cirrhosis, or end-stage renal disease
(ESRD) requiring renal replacement therapy
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prior to obinutuzumab initiation; 3) active
severe infection requiring intravenous antimi-
crobial therapy at the time of treatment initia-
tion; 4) pregnancy or breastfeeding; and 5)
documented evidence of significant non-adher-
ence to clinical follow-up, resulting in incom-
plete essential data for analysis. As this was a
retrospective study, the requirement for written
informed consent for data analysis was waived
by the Institutional Review Board. However, all
patients had provided general informed con-
sent for treatment at the time of hospital
admission.

Treatment grouping and therapeutic protocol

The 163 patients with IMN was stratified into
two distinct groups based on their prior treat-
ment history at the time of initiating obinutu-
zumab. This stratification resulted in 51 pa-
tients receiving obinutuzumab as the Initial
Therapy, meaning it was their first-line immuno-
suppressive agent for IMN, with no prior expo-
sure to corticosteroids, alkylating agents, calci-
neurin inhibitors, or rituximab for this condition.
The remaining 112 patients constituted the
Non-Initial Therapy group. These patients were
switched to obinutuzumab after demonstrating
an inadequate response (defined as persistent
nephrotic-range proteinuria or failure to achieve
at least partial remission) or intolerance to at
least one prior conventional immunosuppres-
sive regimen, which included therapies such as
corticosteroids combined with cyclophospha-
mide, calcineurin inhibitors (tacrolimus or cyclo-
sporine), or the anti-CD20 monoclonal antibody
rituximab [15].

All patients received obinutuzumab treatment
during a planned hospitalization to ensure
close monitoring. The administered therapeutic
protocol was consistent across both groups.
Each infusion consisted of a fixed dose of
1000 mg of Obinutuzumab (Roche Diagnostics
GmbH, Germany, Approval No. SJ20210018).
The standard cycle involved two infusions: the
first dose was followed by a second 1000 mg
dose administered two weeks later. For intrave-
nous administration, the 1000 mg dose was
reconstituted and diluted in 500 mL of 0.9%
normal saline solution. To mitigate the risk of
infusion-related reactions, a standardized pre-
medication regimen was administered approxi-
mately 30-60 minutes prior to each obinutu-
zumab infusion. This regimen included in-
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travenous dexamethasone (20 mg; Chensin
Pharmaceutical Co., Ltd., China, Approval No.
H37021969), oral ibuprofen suspension (10
ml; Wuhan Renfu Pharmaceutical Co., Ltd.,
China, Approval No. H10980021), and intra-
muscular diphenhydramine (40 mg; Guang-
zhou Baiyunshan Mingxing Pharmaceutical Co.,
Ltd., China, Approval No. H44022387). The
infusion itself was initiated cautiously at a rate
of 10 mL per hour. Starting 30 minutes after
the infusion commencement and in the
absence of adverse reactions, the infusion rate
was gradually increased by 30 mL per hour
every 30 minutes, up to a maximum permissi-
ble rate of 150 mL per hour, as tolerated by the
patient. Vital signs were monitored closely
throughout the infusion period and for at least
one hour post-completion. Concomitant sup-
portive medications, including angiotensin-con-
verting enzyme inhibitors or angiotensin Il
receptor blockers for antiproteinuric effect,
were optimized according to standard clinical
practice.

Data collection and outcome assessment

Clinical and laboratory data were systematical-
ly extracted from the electronic medical record
(EMR) system of Yuncheng Central Hospital.
Data collection spanned from baseline (prior to
the first obinutuzumab infusion) through follow-
up visits at 1 months, 3 months, 6 months, and
12 months post-treatment. The primary effica-
cy outcome was the rate of clinical remission
(complete remission [CR] + partial remission
[PR]) at 3, 6, and 12 months. Secondary out-
comes included changes in 24-hour urinary
protein excretion (UPE), serum albumin, esti-
mated glomerular filtration rate (eGFR), serum
anti-phospholipase A2 receptor (anti-PLA2R)
antibody titer, peripheral B-cell counts, and the
incidence of treatment-related adverse events.

Assessment of clinical and biochemical param-
eters: Routine clinical and biochemical data
were measured using standard laboratory tech-
niques. Twenty-four-hour urine collections were
performed for the quantification of total urinary
protein (UPE). Serum albumin, creatinine, and
immunoglobulin (1gG, IgA, IgM) levels were ana-
lyzed using a Beckman Coulter AU5800 auto-
matic biochemical analyzer (Beckman Coulter,
USA) with the manufacturer’s original reagents.
Serum creatinine was used to calculate the
estimated glomerular filtration rate (eGFR) by
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the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [16].

Measurement of serum anti-PLA2R antibody
titer: The serum anti-PLA2R antibody titers
were detected using commercial ELISA Kkits
(Beckman Coulter, USA; cat. no. ab211573)
in strict accordance with the manufacturer’s
instructions. The assay’s reported measure-
ment range is 2-1500 RU/mL. Samples exceed-
ing the upper limit were re-analyzed after
appropriate dilution. According to the kit’s spec-
ifications and established diagnostic criteria, a
titer 220 RU/mL was considered positive. The
intra-assay and inter-assay coefficients of vari-
ation for this kit, as per the manufacturer, are
<8% and <10%, respectively, ensuring the reli-
ability of the measurements. Immunological
remission was designated if anti-PLA2R anti-
body titer was less than 20 RU/mL. Complete
immunological remission was defined as: anti-
PLA2R antibody titer less than 2 RU/mL [17,
18].

Evaluation of lymphocyte subsets and B-cell
depletion: Peripheral blood lymphocyte sub-
sets were quantified by flow cytometry to moni-
tor the pharmacodynamic effect of obinutu-
zumab, with a primary focus on B-cell deple-
tion. Blood samples collected in EDTA tubes
were analyzed using a BD FACSCanto Il flow
cytometer (Becton, Dickinson and Company,
USA). For the assessment of B cells, samples
were stained with a fluorescently conjugated
anti-human CD19 monoclonal antibody (BD
Biosciences, USA; catalog no. 340951). The
absolute count of CD19+ B cells (cells/uL) was
determined. B-cell depletion was defined as a
CD19+ B-cell count <5 cells/uL, and this binary
outcome is reported as the proportion of
patients achieving depletion at each time point.
Baseline counts of T cells (CD3+) and natural
Killer (NK) cells (CD16+/CD56+) were also mea-
sured at study entry using a standardized multi-
color panel (BD Multitest 6-color TBNK reagent,
BD Biosciences, USA; catalog no. 644611) for
comprehensive patient characterization.

Definition of treatment response and safety
monitoring: Clinical response was categorized
according to established criteria. Complete
remission (CR) was defined as UPE <0.3 g/24 h
with serum albumin =35 g/L and stable renal
function (eGFR decline <25% from baseline).
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Partial remission (PR) was defined as UPE <3.5
g/24 h with a 250% reduction from baseline,
accompanied by improved or normal serum
albumin and stable renal function [19]. Patients
not meeting these criteria were classified as
non-responders. Relapse was defined as recur-
rence of proteinuria >3.5 g/24 h after achiev-
ing CR or PR. Safety was assessed by actively
recording all adverse events during infusion
and throughout the follow-up period, including
infusion-related reactions, infections, hemato-
logic toxicity, and other clinically significant
events, graded according to the Common
Terminology Criteria for Adverse Events (CTCAE)
version 5.0 [20].

Ethical considerations

This retrospective study adhered to the
Declaration of Helsinki. Due to the retrospec-
tive nature of the study and the use of anony-
mized data extracted from electronic medical
records, the requirement for written informed
consent for data analysis was waived by the
Institutional Review Board (IRB) of Yuncheng
Central Hospital. The study protocol and the
consent waiver were reviewed and approved by
the IRB of Yuncheng Central Hospital prior to
data collection. Data from electronic medical
records were anonymized and de-identified
before analysis.

Statistical analyses

All statistical analyses were performed using R
language (version 4.2.1). Continuous variables
were tested for normality using the Shapiro-
Wilk test. Data conforming to a normal distribu-
tion are presented as mean * standard devia-
tion (SD), while non-normally distributed data
are summarized as median with interquartile
range (IQR). Categorical variables are express-
ed as frequencies and percentages (n, %).

For baseline comparisons between the Initial
Therapy and Non-Initial Therapy groups, con-
tinuous variables were compared using the
independent Student’s t-test (for normally dis-
tributed data) or the Mann-Whitney U test (for
non-normal data). Categorical variables were
compared using the Chi-square test or Fisher’s
exact test, as appropriate. To evaluate the
treatment effect within each group, paired
comparisons of key data from baseline to fol-
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Table 1. Baseline demographic, clinical, and immunological characteristics of patients with idiopathic
membranous nephropathy treated with obinutuzumab, stratified by treatment group

Obinutuzumab as Ini-

Non-Initial Treatment

Characteristic tial Treatment (n=51) (n=112) t/x> Pvalue
Demographics
Age (years) 48.73 £ 12.26 52.14 + 11.89 1.681 0.095
Male/Female, n (%) 34 (66.67)/17 (33.33) 74 (66.07)/38 (33.93) 0.006 0.941
Diabetes Mellitus, n (%) 6 (11.76) 18 (16.07) 0.518 0.472
Hypertension, n (%) 28 (54.90) 70 (62.50) 0.844 0.358
Disease Status at Diagnosis
Disease Duration before OBZ (months) 3.82+1.74 28.36 + 14.21 17.987 <0.001
Positivity of anti-PLA2R antibody, n (%) 47 (92.16) 98 (87.50) 0.774 0.379
B cell counts (cells/uL) 312.47 + 68.32 289.14 + 71.53 1.958 0.052
T cell counts (cells/yL) 1542.36 + 279.47 1487.29 + 288.63 1.141 0.256
NK cell counts (cells/uL) 328.14 + 71.29 317.86 + 69.47 0.869 0.386
Previous Therapy, n (%)
Rituximab \ 84 (75.00)
Corticosteroids + Cyclophosphamide \ 31 (27.68)
Calcineurin Inhibitors \ 64 (57.14)
Mycophenolate Mofetil \ 18 (16.07)
Tripterygium Wilfordii \ 12 (10.71)
Number of Previous Therapy Lines, n (%)
1 line \ 48 (42.86)
>2 lines \ 64 (57.14)

OBZ, obinutuzumab; PLA2R, phospholipase A2 receptor; NK, natural killer.

low-up time points were conducted using the
paired t-test (for normal differences) or the
Wilcoxon signed-rank test (for non-normal
differences).

The primary analysis focused on comparing the
clinical remission rates (CR+PR) between the
two groups at 3, 6 and 12 months using the
Chi-square test. Time-to-event analyses were
employed for time to first remission and
relapse-free survival. To identify factors associ-
ated with achieving clinical remission, univari-
ate and subsequent multivariate Cox propor-
tional hazards regression models were con-
structed. Variables with a P-value <0.1 by uni-
variate Cox regression analysis (for time to
clinical remission) or of known clinical rele-
vance were considered for inclusion in the mul-
tivariate model. Note that this criterion applied
to the univariate Cox regression results, not to
baseline between-group comparisons. Results
from regression analyses are reported as haz-
ard ratios (HR) with 95% confidence intervals
(CI). A two-tailed P-value of less than 0.05 was
considered significant for all tests.
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Results

Baseline characteristics of the study popula-
tion

A total of 163 patients with idiopathic membra-
nous nephropathy (IMN) were included and
stratified into two groups based on prior treat-
ment exposure. The Obinutuzumab as Initial
Treatment group comprised 51 patients, while
the Non-Initial Treatment group included 112
patients. As shown in Table 1, both groups
were comparable in terms of age, gender, prev-
alence of diabetes and hypertension, baseline
positivity for anti-PLA2R antibody, and baseline
lymphocyte subsets (all P>0.05). However, dis-
ease duration before obinutuzumab initiation
was significantly shorter in the Initial Treatment
group (3.82 + 1.74 months) compared to the
Non-Initial Treatment group (28.36 + 14.21
months; P<0.001). In the Non-Initial Treatment
group, 75% had previously received rituximab,
57.14% had been treated with calcineurin
inhibitors, and 57.14% had received >2 lines of
prior immunosuppressive therapy.
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Table 2. Obinutuzumab treatment protocol and concomitant medications in initial versus Non-initial

therapy groups
Obinutuzumab as  Non-Initial
ltem Initial Treatment Treatment X2 P value
(n=51) (n=112)
Obinutuzumab Dosing
Induction Dose (1 g x 2), n (%) 51 (100) 112 (100) \
Patients Receiving Additional Maintenance Dose, n (%) 8 (15.69) 26 (23.21) 1.203 0.273
Total OBZ Dose during Follow-up (g) 2.24 + 0.47 247 +£0.52 2.617 0.010
Concomitant Medications during OBZ therapy, n (%)
ACEI/ARB 48 (94.12) 106 (94.64) 0.000 1.000
SGLT2 Inhibitor 12 (23.53) 34(30.36) 0.806 0.369
Oral Corticosteroids (low-dose, transient) 9 (17.65) 31 (27.68) 1.904 0.168

OBZ, obinutuzumab; ACEIl, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; SGLT2, sodium-

glucose co-transporter-2.

Treatment protocol and concomitant medica-
tions

All patients received the standard induction
regimen of obinutuzumab (1000 mg x 2 doses).
As presented in Table 2, the total cumulative
dose of obinutuzumab during follow-up was
slightly lower in the Initial Treatment group
(2.24 + 0.47 g) compared to the Non-Initial
Treatment group (2.47 + 0.52 g; P=0.010).
Concomitant use of ACEI/ARB was nearly uni-
versal in both groups (94.12% vs. 94.64%,
P=1.000), while the proportion of patients
receiving SGLT2 inhibitors or transient low-
dose oral corticosteroids did not differ signifi-
cantly between groups (all P>0.05).

Clinical and immunological remission rates

The primary analysis comparing clinical remis-
sion rates at fixed time points revealed sig-
nificant differences at 3 months between
patients receiving Obinutuzumab as initial
treatment and those for whom it was not the
initial treatment (54.90% vs. 37.50%, x?=4.331,
P=0.037) (Figure 1). However, no significant
differences were noted in clinical remission
rates at 6 months (80.39% vs. 69.64%,
x?=2.055, P=0.152) or at 12 months (90.20%
vs. 82.14%, x?>=1.75, P=0.186) between the
two groups. Similarly, there were no significant
differences observed in immunological remis-
sion rates at any of the time points: 3 months
(62.75% vs. 51.79%, x?>=1.702, P=0.192), 6
months (86.27% vs. 75.89%, Xx?=2.288, P=
0.130), and 12 months (94.12% vs. 87.50%,
x?>=1.643, P=0.200). These results suggest
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that while Obinutuzumab as an initial treatment
may confer a significant advantage in achieving
clinical remission early on, this benefit does not
persist significantly over longer periods.

Renal function and biochemical parameter
changes

The longitudinal analysis of key renal and bio-
chemical data following Obinutuzumab treat-
ment revealed several significant trends. For
24-hour urinary protein, there was a signifi-
cant reduction in both groups over time, with
greater reductions observed in patients receiv-
ing Obinutuzumab as initial treatment com-
pared to non-initial treatment at one month
(6.12 + 1.87 g/24 h vs. 6.89 + 2.14 g/24 h,
t=2.221, P=0.028), three months (3.47 + 1.24
g/24 h vs. 468 + 1.73 g/24 h, t=5.058,
P<0.001), six months (2.13 + 0.89 g/24 h vs.
3.24 + 1.32 g/24 h, t=6.288, P<0.001), and
twelve months (1.42 + 0.67 g/24 h vs. 2.47 +
1.18 g/24 h, t=7.183, P<0.001) (Figure 2A).
Serum albumin levels showed a significant
increase in both groups over time, but the
increase was significantly higher in the initial
treatment group compared to the non-initial
treatment group at three months (35.67 + 4.21
g/L vs. 32.84 + 4.73 g/L, t=3.666, P<0.001),
six months (38.92 + 3.74 g/L vs. 35.16 + 4.28
g/L, t=5.405, P<0.001), and twelve months
(41.23 + 3.26 g/L vs. 37.84 + 4.12 g/L,
t=5.190, P<0.001) (Figure 2B). No significant
differences were found between groups for
serum creatinine levels across all time points
(all P>0.05, Figure 2C). However, estimated glo-
merular filtration rate (eGFR) showed a trend
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Figure 1. Clinical and immunological remission rates following obinutuzum-
ab treatment at 3, 6, and 12 months. A. Clinical remission, n (%); B. Immu-
nological remission, n (%). Inter-group comparisons are shown. At 3 months,
x?=4.331, *P=0.037; at 6 and 12 months, differences were not significant

(ns).

towards improvement, reaching significance at
six months (83.12 + 14.68 mL/min/1.73 m?vs.
7764 + 15.92 mL/min/1.73 m?, t=2.086,
P=0.039) and twelve months (84.73 + 13.87
mL/min/1.73 m? vs. 7897 + 15.48 mL/
min/1.73 m?, t=2.275, P=0.024) in favor of
the initial treatment group (Figure 2D). Overall,
these findings suggest that Obinutuzumab
administered as an initial treatment may lead
to more pronounced improvements in renal
function, as indicated by decreased urinary pro-
tein excretion and increased serum albumin
levels.

Immunological serum dynamics and B-cell
depletion

Serum anti-PLA2R antibody titers decreased
markedly from baseline in both groups, but
the decline was consistently and significantly
greater in the Initial Treatment group at all post-
treatment time points (at 1 month: 102.36 +
31.47 vs. 124.67 + 38.52 RU/mL, P<0.001; at
3 months: 47.28 + 18.73 vs. 78.92 + 26.14
RU/mL, P<0.001; at 6 months: 18.64 + 8.42
vs. 42.37 + 16.28 RU/mL, P<0.001; at 12
months: 8.27 + 4.13 vs. 24.86 + 11.47 RU/mL,
P<0.001) (Figure 3A). Serum IgG levels de-
creased comparably in both groups over time,
with no significant inter-group differences
observed at baseline (6.84 + 1.72 vs. 6.47 +
1.86 g/L, P=0.227) or at any follow-up visit (all
P>0.05) (Figure 3B). Similarly, serum IgA levels
showed no significant differences between the
groups at any assessed time point (all P>0.05)
(Figure 3D). In contrast, while serum IgM levels
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Obinutuzumab as Initial Treatment (n=51)
Non-Initial Treatment (n=112)

were comparable between
groups at baseline and up to
6 months (all P>0.05), they
were significantly lower in the
Initial Treatment group at 12
months (0.46 + 0.16 vs. 0.53
+ 0.21 g/L, P=0.020) (Fig-
ure 3C). B-cell depletion was
highly effective and similar
between groups shortly af-
ter treatment initiation, with
98.04% of Initial and 96.43%
of Non-Initial therapy patients
achieving depletion (CD19+
<5 cells/uL) at 1 month (P=
0.950) (Figure 3E). Depletion
rates remained high and not
significantly different at 3
months (94.12% vs. 91.07%, P=0.723) and 6
months (82.35% vs. 75.89%, P=0.357). By 12
months, B-cell counts had recovered to a simi-
lar extent in both cohorts, with 54.90% and
55.36% of patients remaining depleted, respec-
tively (P=0.957) (Figure 3E).

Safety profile and adverse events

The overall incidence of any adverse event was
similar between the Initial Treatment (37.25%)
and Non-Initial Treatment groups (42.86%;
P=0.500) (Table 3). Infusion-related reactions
occurred in 17.65% and 12.50% of patients,
respectively (P=0.381). Infections were report-
edin 15.69% and 23.21% of patients (P=0.273),
predominantly upper respiratory tract infec-
tions. Hematologic toxicity, primarily grade 1-2
leukopenia, was observed in 5.88% and 9.82%
of patients (P=0.596). The incidence of serious
adverse events was low (1.96% vs. 5.36%;
P=0.565).

Predictors of time to clinical remission: cox
regression analysis

Univariate Cox regression analysis was per-
formed to identify predictors of time to clinical
remission. In this analysis, baseline B-cell
count (as a continuous variable) was not a
significant predictor (P=0.142), which differs
from the between-group baseline comparison
because the two analyses address different
research questions. Univariate Cox analysis
identified baseline 24-hour UPE (HR 0.857, P<
0.001), serum albumin (HR 1.083, P=0.001),
eGFR (HR 1.014, P=0.016), anti-PLA2R titer
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(HR 0.972 per 10 RU/mL, P=0.002), and treat-
ment group (Initial vs. Non-Initial, HR 1.763,
P=0.001) as significant predictors of clinical
remission (Table 4). Variables with a univariate
Cox regression P-value >0.1 (e.g., baseline
B-cell count, P=0.142) were not entered into
the multivariate model, consistent with the
pre-specified criterion (P<0.1 for inclusion)
described in the Statistical Analyses section.
The baseline B-cell count comparison between
groups is a different analysis and does not
affect the multivariate Cox inclusion criterion.
In the multivariate model, higher baseline
24-hour UPE (HR 0.872, P=0.001) and higher
anti-PLA2R titer (HR 0.978 per 10 RU/mL,
P=0.018) remained independent negative pre-
dictors, while higher baseline serum albumin
(HR 1.062, P=0.023) and receiving obinutu-
zumab as initial therapy (HR 1.682, P=0.003)
were independent positive predictors of achiev-
ing remission.

Discussion

This single-center retrospective study evaluat-
ed the clinical effect of obinutuzumab in adults

4784

*P<0.05; ***P<0.001.

with idiopathic membranous nephropathy, with
a specific focus on comparing outcomes
between patients receiving it as first-line immu-
nosuppression and those with prior treatment
exposure. The findings provide insights into the
role of this glycoengineered anti-CD20 mono-
clonal antibody in the management of IMN.

Our study demonstrated that patients receiving
obinutuzumab as initial therapy achieved a sig-
nificantly higher clinical remission rate at 3
months compared to the non-initial therapy
group, corroborated by multivariate Cox analy-
sis identifying initial therapy as an independent
positive predictor of remission. This indicates
that treatment initiation with obinutuzumab is
associated with a faster achievement of clinical
response. The early advantage likely reflects a
less entrenched immunological disturbance
and less cumulative glomerular damage in
treatment-naive patients, allowing a targeted
agent like obinutuzumab to act more rapidly
[21, 22]. Consistent with this hypothesis,
Townsend et al. [23] reported in the GALLIUM
study that obinutuzumab-based immunoche-
motherapy resulted in faster and deeper B-cell
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depletion compared to rituximab in patients
with previously untreated indolent non-Hodg-
kin’s lymphoma, supporting the notion that
obinutuzumab may offer superior early efficacy
when used as first-line therapy. Similarly, in the
context of autoimmune diseases, obinutuzum-
ab has been shown to induce more potent
depletion of peripheral and tissue B cells
than rituximab in patients with lupus nephritis,
which may contribute to more rapid serological
and clinical responses [14]. These observa-
tions align with our findings and suggest that
the glycoengineered structure of obinutuzumab
enhances antibody-dependent cellular cytotox-
icity and direct B-cell killing, potentially leading
to accelerated reduction in pathogenic anti-
PLA2R antibody-producing clones.

Notably, this remission rate advantage was not
sustained long-term, as rates converged by 12
months. This convergence aligns with the fun-
damental efficacy of B-cell depletion, which
can ultimately induce remission even in refrac-
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tory disease [23, 24], and explains why the sur-
vival curves do not show prolonged separation.
Therefore, the key benefit of initial obinutuzum-
ab therapy appears to be the acceleration of
clinical and serological response, rather than a
higher ultimate remission rate. Regarding the
obinutuzumab dosing, the slightly higher total
cumulative dose in the Non-Initial Therapy
group is attributable to the higher, though not
statistically significant, proportion of patients
in that group who received additional mainte-
nance doses. This clinical practice aligns with
the group’s refractory nature [21]. Importantly,
despite receiving a modestly higher total dose,
the Non-Initial Therapy group did not achieve
superior remission rates, especially at the
early 3-month time point. This suggests that
the accelerated response seen in the Initial
Therapy group is driven more by the treatment
sequence and disease state at initiation than
by minor variations in total drug exposure. The
comparable long-term efficacy between groups,
despite the dose difference, further under-
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Table 3. Safety profile and adverse events associated with obinutuzumab treatment in idiopathic

membranous nephropathy

Obinutuzumab as Initial

Non-Initial Treatment

Adverse Event Treatment (n=51) (n=112) X2 P value
Any Adverse Event, n (%) 19 (37.25) 48 (42.86) 0.454 0.500
Infusion-Related Reactions, n (%) 9 (17.65) 14 (12.50) 0.766 0.381
Chills/Fever 6 9
Dyspnea/Palpitations 2 3
Nausea/Vomiting 1 2
Infections, n (%) 8 (15.69) 26 (23.21) 1.203 0.273
Upper Respiratory Tract Infection 5 12
Urinary Tract Infection 1 5
Herpes Zoster 1 4
Pneumonia (requiring hospitalization) 1 5
Hematological Toxicity, n (%) 3(5.88) 11 (9.82) 0.282 0.596
Leukopenia (Grade 1-2) 3 9
Neutropenia (Grade 1-2) 0 2
Other Non-infectious AEs, n (%) 2(3.92) 7 (6.25) 0.055 0.815
Abnormal Liver Function 1 3
Tinnitus 1 2
Amenorrhea 0 2
Serious Adverse Events, n (%) 1(1.96) 6 (5.36) 0.331 0.565

AE, adverse event.

Table 4. Univariate and multivariate Cox regression analysis of predictors for clinical remission in

obinutuzumab-treated patients

Univariate Cox analysis

Multivariate Cox analysis

Variable

HR 95% ClI P value HR 95% ClI P value
Age (per 1-year increase) 0.981 0.963-1.000 0.053 0.984 0.965-1.004 0.118
Gender (Male vs. Female) 1.124 0.832-1.517 0.446 \ \ \
Baseline 24 h UPE (per 1 g/24 h increase) 0.857 0.792-0.926 <0.001 0.872 0.804-0.945 0.001
Baseline Serum Albumin (per 1 g/L increase) 1.083 1.032-1.137 0.001 1.062 1.008-1.118 0.023
Baseline eGFR (per 1 mL/min/1.73 m? increase) 1.014 1.003-1.026 0.016 1.008 0.996-1.020 0.196
Baseline anti-PLA2R Titer (per 10 RU/mL increase) 0.972 0.956-0.989 0.002 0.978 0.961-0.996 0.018
Baseline B-cell Count (per 10 cells/pL increase) 0.994 0.986-1.002 0.142 \ \ \
Treatment Group (Initial vs. Non-Initial) 1.763 1.263-2.461 0.001 1.682 1.194-2.371 0.003
Concomitant SGLT2 Inhibitor Use (Yes vs. No) 1.214 0.894-1.649 0.214 \ \ \

HR, hazard ratio; Cl, confidence interval; UPE, urinary protein excretion; eGFR, estimated glomerular filtration rate; anti-PLA2R,
anti-phospholipase A2 receptor; SGLT2, sodium-glucose co-transporter-2.

scores the potent efficacy of the standard
induction regimen in both settings.

Consistent with the remission data, the im-
provement in key renal indices was more pro-
nounced in the initial therapy group. The reduc-
tion in proteinuria and the concomitant rise in
serum albumin were both of a greater magni-
tude at all post-treatment intervals in patients
receiving obinutuzumab upfront. Furthermore,
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a trend towards better preservation of estimat-
ed glomerular filtration rate was observed in
this group at the later stages of follow-up.
These findings underscore that early, targeted
B-cell intervention may not only lead to faster
proteinuria reduction but also to more robust
renal functional preservation [25, 26]. The
superior decline in proteinuria likely reflects
more effective mitigation of the underlying
autoimmune attack on podocytes. The en-
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hanced direct cell death and antibody-depen-
dent cellular cytotoxicity/phagocytosis mecha-
nisms of obinutuzumab, compared to earlier
anti-CD20 antibodies, may be particularly effe-
ctive in neutralizing the autoimmune response
before irreversible structural changes occur
[27, 28]. This aligns with the fundamental goal
in IMN management: to promptly suppress
autoantibody production and halt ongoing glo-
merular injury [29, 30].

The immunological data offer a potential mech-
anism for the observed clinical differences.
While B-cell depletion was effectively achieved
and maintained similarly in both groups, the
decline in serum anti-PLA2R antibody titers
was more rapid and profound in the initial ther-
apy cohort. This dissociation between periph-
eral B-cell depletion kinetics and antibody titer
reduction is noteworthy. It implies that the
superior clinical and serological response in
treatment-naive patients may not stem from a
difference in the depth of circulating B-cell
clearance but possibly from a greater effect on
autoreactive B-cell clones [31, 32], or on short-
lived plasma cells [33, 34]. However, without
direct immunophenotyping data (e.g., memory
B cells, plasmablasts, or antigen-specific B-cell
clones), this remains speculative. The observed
dissociation between B-cell depletion kinetics
and anti-PLA2R decline highlights an impor-
tant area for future investigation, including lon-
gitudinal profiling of B-cell subsets and mea-
surement of peripheral autoantibody-secreting
cells. The significantly lower serum IgM level
observed in the Initial Therapy group at 12
months may suggest a more profound or sus-
tained modulation of the humoral immune rep-
ertoire, affecting specific B-cell subsets respon-
sible for IgM production [35, 36]. While this did
not translate into a higher infection risk in our
safety analysis, it underscores a biological dif-
ference in immune reconstitution that merits
further investigation.

The safety profile of obinutuzumab in this IMN
cohort was manageable and consistent with its
known effects [27], with no major differences
between the two treatment groups. The inci-
dence of infusion-related reactions and infec-
tions was not increased in the initial therapy
group, which is reassuring for its potential use
earlier in the treatment algorithm. The similar
rates of adverse events suggest that the treat-
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ment sequence does not materially alter the
drug’s tolerability in this population [37].

Multivariate analysis identified that receiving
obinutuzumab as initial therapy was an inde-
pendent positive predictor of achieving clinical
remission, alongside higher baseline serum
albumin. Conversely, higher baseline protein-
uria and anti-PLA2R antibody titer were nega-
tive predictors. This reinforces the clinical intu-
ition that patients with a high disease burden
pose a greater therapeutic challenge. More
importantly, it provides quantitative support for
the strategy of employing potent B-cell deple-
tion as first-line therapy in high-risk IMN, as it
appears to offer a higher likelihood of success
compared to reserving it for refractory cases.
This adds a new dimension to the evolving
treatment paradigm, which has traditionally
escalated therapy based on response.

The clinical implications of these findings are
substantial. This study suggests that obinutu-
zumab is an effective therapeutic option for
IMN, both as an initial and a subsequent line of
therapy. The data provide a rationale for con-
sidering obinutuzumab as a first-line biologic
agent, particularly for patients presenting with
characteristics predictive of a poor outcome,
such as heavy proteinuria and high anti-PLA2R
titers. Its use in this setting may lead to quicker
remission, more complete biochemical recov-
ery, and potentially better long-term renal sur-
vival. For patients who have failed conventional
therapies including rituximab, obinutuzumab
represents a valuable rescue option, capable
of inducing remission in a considerable propor-
tion, thereby filling an important unmet need.
The comparable long-term remission rates
between groups ultimately support its efficacy
across the disease spectrum.

This study has several limitations. Its retros-
pective, single-center, and non-randomized
design introduce potential for selection and
information bias. The comparison groups dif-
fered inherently in disease duration and prior
treatment exposure, which are confounding
factors that cannot be fully adjusted for statisti-
cally. The follow-up duration of 12 months is
relatively short for a chronic disease like IMN,
limiting conclusions regarding long-term dura-
bility of response, relapse rates, and renal sur-
vival. The lack of a direct comparative control
group (e.g., patients treated with rituximab) pre-
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cludes definitive conclusions about the relative
superiority of obinutuzumab. In addition, the
study population was exclusively Chinese, and
the findings may not be generalizable to other
ethnicities without further validation. Fifth, due
to the retrospective nature, detailed parame-
ters of prior therapies in the Non-Initial Therapy
group - such as the specific duration of each
immunosuppressive regimen, the exact interval
between discontinuing prior therapy (especially
rituximab) and initiating obinutuzumab, and the
precise dosing and titration of concomitant
ACEI/ARB medications - were not consistently
available in the medical records. Although all
patients in the Non-Initial Therapy group had
documented inadequate response or intoler-
ance to prior therapy, the absence of these
granular data limits our ability to fully exclude
any potential delayed or carry-over effects from
previous treatments or to finely attribute the
proteinuria reduction. Sixth, this study was
designed as a clinical efficacy and safety analy-
sis. Therefore, it did not include exploratory
deep immunophenotyping of B-cell subsets
(e.g., memory B cells, plasmablasts), measure-
ment of complement pathway components
(e.g., C3, C4), or assessment of specific podo-
cyte injury biomarkers (e.g., urinary podocin).
While we observed effective peripheral CD19+
B-cell depletion and a correlated decline in
anti-PLA2R titers, the differential impact of
obinutuzumab on specific pathogenic B-cell
clones and its effects on downstream comple-
ment activation and direct podocyte protection
remain to be elucidated. Prospective studies
incorporating these biomarkers are warranted
to fully delineate the mechanism of action of
obinutuzumab in IMN.

Future prospective, randomized controlled tri-
als directly comparing obinutuzumab with ritux-
imab as first-line therapy in IMN are warranted
to establish its relative efficacy and safety.
Studies with longer follow-up are needed to
assess the durability of remission and the
impact on hard endpoints like end-stage renal
disease. Further research should also explore
biomarkers that can predict response to obinu-
tuzumab and investigate its potential in combi-
nation with other novel agents targeting differ-
ent arms of the immune response in IMN.

In conclusion, this study demonstrated that
obinutuzumab is an effective and well-tolerated
treatment option for both treatment-naive and
refractory idiopathic membranous nephropa-
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thy. Initiation of obinutuzumab as firstline
immunosuppressive therapy is associated with
a more rapid induction of clinical and serologi-
cal remission, alongside greater improvements
in proteinuria and serum albumin, compared to
its use after other treatment failures. These
findings support the consideration of obinutu-
zumab as an initial biologic therapy for high-risk
patients and underscore its value as a rescue
option. Prospective randomized trials are war-
ranted to confirm these observations and
define its long-term role in the IMN treatment
landscape.
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