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Rationale & Objective: Membranous nephropathy
(MN), recognized as an autoimmune kidney dis-
ease, responds well to anti-CD20 monoclonal
antibodies. Obinutuzumab, a type II humanized
anti-CD20 and immunoglobulin G1 Fc-optimized
monoclonal antibody, when compared with
rituximab, has demonstrated superior efficacy in
B-cell leukemia and lymphoma, especially in
rituximab-resistant cases. However, the efficacy
and safety of obinutuzumab in MN remain unclear.

Study Design: A case series study.

Setting & Participants: A total of 18 patients were
diagnosed with MN and had received obinutuzu-
mab at our center without secondary MN, under-
going dialysis, having a history of kidney
transplantation, or infections requiring treatment.

Exposure: Obinutuzumab treatment.

Outcomes: Primary outcomes included remission
rate, time to first remission, and first relapse-free
survival time during the follow-up period.

Analytical Approach: Survival analysis was per-
formed with Cox proportional hazards models, log-
rank test, and Kaplan–Meier survival analysis.
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Results: Patients with MN (median age of 52.5
years, 83.3% males) received an average dose of
2.1 ± 0.8 g of obinutuzumab during a median
follow-up period of 13.6 months. During the follow-
up, 17 patients (94.4%) achieved remission, with
12 patients (66.7%) achieving partial remission,
and 5 patients (27.8%) achieving complete
remission. The median time to first remission and
first relapse-free survival time was 2.7 (1.0-6.1)
months and 9.8 (2.6-11.2) months, respectively.
Of 12 patients with previous rituximab treatment,
all achieved remission successfully, with 8
(66.7%) achieving partial remission and 4
(33.3%) achieving complete remission. Adverse
events were mostly mild, and no severe
treatment-related adverse events were observed.

Limitations: Limited or missing data; risks of se-
lection bias; or recall bias; underestimated first
relapse-free survival time because of a limited
follow-up period; unmonitored counts of
CD19+ B-cells and other lymphocyte subsets.

Conclusions: Obinutuzumab demonstrated prom-
ising efficacy and safety in inducing remission in
MN, particularly in patients with an unsatisfactory
response to rituximab.
embranous nephropathy (MN), the leading cause of
Mprimary nephrotic syndrome in adults, is recognized
as an autoimmune disease with immune complex depo-
sition along the subepithelial region of the glomerular
basement membrane. Identified target antigens, such as
phospholipase A2 receptor (PLA2R), thrombospondin type
1 domain-containing 7A (THSD7A), and other emerging
new antigens1 have had a profound effect on the man-
agement of MN, providing supporting evidence for B-cell
depletion therapy.

Rituximab, a type I chimeric anti-CD20 monoclonal
antibody, was proven not inferior to cyclosporine in
inducing complete or partial remission of proteinuria at 12
months and superior to cyclosporine in maintaining
remission of proteinuria up to 24 months.2 However, the
overall response rate with rituximab at 12 months ranges
between 60% and 70% in different studies, with w30% to
40% of patients not responding to rituximab treatment.3

Obinutuzumab, a type II humanized anti-CD20 and
immunoglobulin G1 Fc-optimized monoclonal antibody,
demonstrating enhanced antibody-dependent cell-medi-
ated cytotoxicity and direct nonapoptotic cell death but
reduced complement-dependent cytotoxicity, has been
shown to induce faster and more lasting B-cell depletion
and then improved remission rates in B-cell leukemia and
lymphoma than the equivalent dose of rituximab and re-
mains effective in rituximab-resistant cases.4,5

However, there are limited studies regarding the effi-
cacy and safety of obinutuzumab in addressing MN,
especially in patients who had previously received ritux-
imab treatment but showed an unsatisfactory response. In
this study, we aimed to evaluate the efficacy and safety of
obinutuzumab in treating MN and attempted to investigate
the potential benefits for patients with inadequate re-
sponses to rituximab.
METHODS

Study Design and Patients

We retrospectively screened patients with refractory MN at
our center and enrolled 18 patients with refractory MN
who received the initial dose of obinutuzumab from
January 2022 to September 2022. Refractory MN was
defined by the continued presence of high or unchanged
levels of anti-PLA2R antibodies following one line of
immunosuppressive therapy, given at an adequate dosage
and duration. In addition, patients experiencing persistent
nephrotic syndrome with low serum albumin levels during
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PLAIN LANGUAGE SUMMARY
Membranous nephropathy (MN), an autoimmune kid-
ney disease, usually responds favorably to rituximab, a
chimeric anti-CD20 monoclonal antibody. Neverthe-
less, certain patients exhibit inadequate responses to
rituximab. Obinutuzumab, a novel humanized anti-
CD20 monoclonal antibody, has shown enhanced effi-
cacy in cases where rituximab fails to address B-cell
leukemias and lymphomas. However, its efficacy and
safety in MN treatment remain uncertain. A case series
involving 18 patients treated with obinutuzumab at our
center demonstrated promising results, suggesting
favorable efficacy and safety in inducing and main-
taining remission, particularly among patients who did
not respond well to rituximab previously. These find-
ings signify a potential alternative for MN treatment,
though further research is needed to confirm them.
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a follow-up period exceeding 6 months were also cate-
gorized as having refractory MN.6 Exclusion criteria
included MN secondary to drugs, infections, cancers, or
autoimmune diseases. Patients treated with dialysis or with
a history of kidney transplantation were also excluded.
Moreover, patients with active or chronic infections
requiring treatment, positive serology for human immu-
nodeficiency virus, seropositivity for hepatitis B surface
antigen or hepatitis B core antibody, or seropositivity for
hepatitis C were excluded from the study. All patients were
prestudied before obinutuzumab and followed up through
the electronic medical record system and by phone
interview.

Demographic data included gender, age at disease onset,
and age at obinutuzumab treatment. Serum anti-PLA2R
antibodies, urine protein creatinine ratio (uPCR), serum
albumin, and serum creatinine were recorded as laboratory
data. All demographic and laboratory data were collected
through the electronic medical record system. Remission
and relapse during follow-up and drugs administered before
and after obinutuzumab, especially rituximab administra-
tion, were recorded as clinical data and obtained from both
the electronic medical record system and continuous in-
terviews conducted by the telephone.

For patients with previous rituximab, the full dose of
rituximab was 375 mg/m2 of body surface area. For 1
course of rituximab, we define that the patient receives
doses of rituximab at 1-2 week intervals to achieve B-cell
depletion (BCD). When the patient exhibits notable in-
creases in serum anti-PLA2R antibody titers or shows re-
coveries in peripheral CD19+ B-cell counts, another course
of rituximab will be added. Courses of previous rituximab
were collected as clinical data.

The titers of serum anti-PLA2R antibodies were
analyzed by indirect immunofluorescence assay with a
minimum detectable level of 2 RU/ml. The count of B
2

lymphocytes (CD19+) was analyzed after obinutuzumab
by flow cytometry. The study conformed to the Declara-
tion of Helsinki and was approved by the ethics committee
of the First Affiliated Hospital, Zhejiang University School
of Medicine (No. 2020571). Written informed consent
was obtained from all patients.

Therapy

Patients initially received obinutuzumab at a full dose of
1000 mg. After 2 weeks following the first dose, the
counts of lymphocytes in the peripheral blood, particularly
CD19+ B-cells, were analyzed. The initial round of obi-
nutuzumab ended if BCD, defined as the peripheral
CD19+ B-cells of 0 cells/μL, was achieved. Otherwise,
additional doses of 1 g would be added every 2 weeks until
achieving BCD.

Outcomes

The primary outcome included the remission rate, the time
to first remission after the first dose of obinutuzumab, and
the first relapse-free survival time during the follow-up
period. Complete remission (CR) was defined as a urinary
protein excretion of <0.3 g/d or uPCR < 0.3 g/g, accom-
panied by a normal serum albumin level and a normal serum
creatinine level. Partial remission (PR) was defined as a
urinary protein excretion of ≥ 0.3 g/d and < 3.5 g/d, or
uPCR ≥ 0.3 g/g and < 3.5 g/g, with a 50% or greater
reduction from peak values accompanied by an improve-
ment or normalization of the serum albumin level and a
stable serum creatinine. Recurrence of urinary protein
excretion at ≥ 3.5 g/d, uPCR at ≥ 3.5 g/g, or proteinuria at
3+ by urine dipstick after remission was considered as a
relapse. The first relapse-free survival timewas defined as the
time from the first remission to the first relapse after the first
obinutuzumab dose. The secondary outcomes included
changes in the uPCR, serum albumin, serum creatinine, and
anti-PLA2R antibody after obinutuzumab in all patients or
between specific subgroups. Combined drugs after obinu-
tuzumab therapy and adverse events were also prespecified
as secondary outcomes.

Statistical Analysis

Quantitative data conforming to a normal distribution
were presented as mean ± standard deviation, whereas
non-normally distributed data were described as median
and interquartile range (IQR). Categorical data were re-
ported with counts and percentages. A P-value below 0.05
was considered statistically significant. Survival analysis
was conducted with Cox proportional hazards models,
log-rank test, and Kaplan–Meier survival analysis in R
version 4.2.2. The R packages "survival," "survminer," and
"ggplot2" were employed. Statistical analysis was per-
formed by SPSS version 26.0 (IBM). All figures except
Kaplan–Meier curves were generated using GraphPad
Prism 9. Data in figures except for Kaplan–Meier curves
were all presented as medians.
Kidney Med Vol 6 | Iss 8 | August 2024 | 100853



Table 1. Baseline Demographic, Clinical, and Biologic
Characteristics of the Patients

Overall Cohort
(N = 18)

Demographics

Ethnicity All Han Chinese
Age (y) at obinutuzumab,
median (IQR)

52.5 (45.7-56.1)

Male, n (%) 15 (83.3%)
Disease history
Age (y) at disease onset,
median (IQR)

50.8 (45.4-55.3)

Duration of disease, mo,
median (IQR)

11.6 (4.2-22.5)

Laboratory values before obinutuzumab
Urine protein creatinine ratio, g/g,
median (IQR)

3.5 (1.9-7.1)

Serum albumin, g/L, mean ± SD 27.2 ± 8.2
Serum creatinine, μmol/L,
mean ± SD

86.2 ± 21.8

Serum anti-PLA2R antibody
exceeding 50 RU/mL at disease
onset, n (%)

14 (77.8%)

Serum anti-PLA2R antibody titer at
the commencement of
obinutuzumab, RU/mL, median (IQR)

16.5 (6.1-170.3)

Serum anti-PLA2R negative but
antigen positive on biopsy, n (%)

1 (5.6%)

Previous therapy
Rituximab, n (%) 12 (66.7%)
Cumulative rituximab courses,
median (IQR)

2.0 (1.3-4.8)

Cyclophosphamide, n (%) 8 (44.4%)
Prednisone, n (%) 14 (77.8%)
Mycophenolate, n (%) 6 (33.3%)
CNI (tacrolimusorcyclosporine), n (%) 6 (33.3%)
ARB, n (%) 7 (38.9%)
Abbreviations: ARB, angiotensin II receptor blocker; CNI, calcineurin inhibitor;
IQR, interquartile range; SD, standard deviation.
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RESULTS

Patient Population and Therapy

A total of 18 Chinese patients who received the first dose
of obinutuzumab from January 2022 to September 2022
were included in this study. Among these patients, 16
patients (88.9%) were diagnosed with MN by kidney
biopsy. The median ages at disease onset and initial obi-
nutuzumab treatment were 50.8 (45.4-55.3) and 52.5
(45.7-56.1) years, respectively.

Concerning anti-PLA2R antibodies or PLA2R antigens,
14 patients (77.8%) had presented serum anti-PLA2R
antibody titers of at least 50 RU/mL during the entire
disease duration, verifying that they were serum anti-
PLA2R antibody-associated MN. One patient without
detectable serum anti-PLA2R antibody was found with
glomerular PLA2R and IgG4 deposition intensities scor-
ing +++ (strong) on a kidney biopsy. These 15 patients
were classified into the PLA2R-associated subgroup as
they exhibited positive serum anti-PLA2R antibodies or
immunofluorescence staining for PLA2R antigen on kid-
ney biopsy. The remaining 3 patients exhibited serum
anti-PLA2R antibody titers below the detectable line (2
RU/mL) and a negative histology associated with PLA2R,
identifying them as non-PLA2R-associated. Notably, the 2
patients who did not undergo biopsy demonstrated a
high titer of serum anti-PLA2R antibody exceeding 500
RU/mL and presented with nephrotic syndrome, sug-
gestive of MN.

Regarding previous administration of rituximab, 12
patients (66.7%) received rituximab therapy previously,
with a median course of 2.0 (1.3-4.8). Among these pa-
tients, except for 1 patient who switched to obinutuzumab
because of a notable infusion reaction to rituximab, 11
patients shifted to obinutuzumab owing to the unsatis-
factory response or insufficient maintenance of efficacy
with rituximab. Detailed demographic and clinical char-
acteristics were presented in Table 1.

Primary Outcome

For the initial round to achieve BCD, the average dose of
obinutuzumab was 1.0 (1.0-2.0) g, with 13 patients
receiving 1 dose and 5 patients receiving 2 doses. During a
median follow-up period of 13.6 months, an average
obinutuzumab dose of 2.1 ± 0.8 g was administered.
Among these 18 patients, 3 patients received only 1 dose
of obinutuzumab treatment during the follow-up period,
whereas 11 patients received 2 doses, 3 patients received 3
doses, and 1 patient received 4 doses of obinutuzumab. By
the end of the follow-up, 12 patients (66.7%) achieved PR
and 5 patients (27.8%) achieved CR. One patient failed to
achieve remission during the follow-up; yet his serum
anti-PLA2R antibody dropped from 572 to 152 RU/mL at
3 months. He changed his regime; thereafter, we lost the
opportunity to further observe his remission under obi-
nutuzumab. The Kaplan–Meier curves of the overall cohort
and different subgroups were shown in Fig 1. The
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6-month and 12-month remission rates were 13 (72.2%)
and 16 (88.9%), respectively.

Of the 12 patients who received rituximab previously, all
patients achieved remission successfully, including 8 pa-
tients (66.7%) achieving PR and 4 patients (33.3%)
achieving CR. Primary outcomes between the subgroups
with and without previous rituximab treatment are shown
in Table 2. Among the 17 patients who attained remission
during the follow-up, the median time to first remission
(either PR or CR) after the initial dose of obinutuzumab was
2.7 (1.0-6.1) months. For the 5 patients who achieved their
best remission of CR, the median time to CR after the initial
dose of obinutuzumab was 9.4 (4.4-14.2) months. Among
the 17 patients who achieved remission, only 1 experienced
a relapse at 9 months after achieving PR, whereas the
remaining patients maintained their remission status until
the end of the follow-up. Over the median follow-up period
of 13.6 months, the median first relapse-free survival time
was 9.8 (2.6-11.2) months. Detailed information of pri-
mary outcomes is presented in Table 3.
3



Figure 1. (A) Probability of achieving remission (either partial remission or complete remission) after obinutuzumab in all patients
(n = 18). (B) Probability of achieving remission after obinutuzumab in PLA2R subgroups. “PLA2R-associated” (n = 15) was defined
as either serum anti-PLA2R antibody titers exceeding 50 RU/mL or positive immunofluorescence staining for PLA2R antigen on kid-
ney biopsy. (C) Probability of achieving remission after obinutuzumab in previous-rituximab subgroups. “With previous rituximab”
(n = 12) was defined as having received at least 1 course of rituximab before the initial infusion of obinutuzumab.
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SECONDARY OUTCOME: URINE PROTEIN

CREATININE RATIO, SERUM ALBUMIN, AND

SERUM CREATININE

The uPCR decreased from a median baseline of 3.4
(1.9-7.1) g/g to 1.2 (0.6-1.6) g/g and 0.6 (0.1-1.6)
Table 2. Comparison of Primary Outcomes between Subgroups w

Primary Outcomes
With Pr
(n = 12)

Total obinutuzumab dose during follow-up, g,
median (IQR)

2.0 (1.3

Time to first remission, mo, median (IQR) 3.5 (1.2
First relapse-free survival time during follow-up,
mo, median (IQR)

10.2 (2.

Remission rate during follow-up, n (%)a 12 (100
Partial remission rate during follow-up, n (%) 8 (66.7%
Complete remission rate during follow-up, n (%) 4 (33.3%
Remission rate in 6 mo, n (%) 8 (66.7%
Remission rate in 12 mo, n (%) 11 (91.7
Abbreviations: IQR, interquartile range; RTX, rituximab.
aIncludes those who achieved either partial remission or complete remission during

4

g/g at 6 and 12 months after the initial dose of obi-
nutuzumab, respectively, and were all statistically sig-
nificant when compared with the baseline levels
(P = 0.001 and 0.003, respectively). The trend of the
uPCR is shown in Fig 2.
ith and without Previous Rituximab Treatment

evious RTX Without Previous RTX
(n = 6) P

-3.0) 2.0 (2.0-2.0) 0.82

-7.6) 2.7 (1.3-3.9) 0.44
3-11.3) 9.0 (3.9-11.0) 0.80

%) 5 (83.3%) 0.33
) 4 (66.7%) > 0.99
) 1 (16.7%) 0.62
) 5 (83.3%) 0.62
%) 5 (83.3%) > 0.99

the follow-up period.

Kidney Med Vol 6 | Iss 8 | August 2024 | 100853



Table 3. Primary Outcomes of the Patients Received
Obinutuzumab Therapy

Primary Outcomes
Overall Cohort
(N = 18)

Total follow-up period, mo, median (IQR) 13.6 (11.9-14.9)
Total obinutuzumab dose during follow-
up, g, mean ± SD

2.1 ± 0.8

Time to first remission, mo, median (IQR) 2.7 (1.0-6.1)
First relapse-free survival time during
follow-up, mo, median (IQR)

9.8 (2.6-11.2)

Remission rate during follow-up, n (%)a 17 (94.4%)
Partial remission rate during
follow-up, n (%)

12 (66.7%)

Complete remission rate during
follow-up, n (%)

5 (27.8%)

Remission rate in 6 mo, n (%) 13 (72.2%)
Remission rate in 12 mo, n (%) 16 (88.9%)
Abbreviations: IQR, interquartile range; SD, standard deviation.
aIncludes those who achieved either partial remission or complete remission
during the follow-up period.
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The average serum albumin levels improved signifi-
cantly from a baseline level of 27.2 ± 8.2 g/L to
40.3 ± 3.8 g/L and 43.8 ± 2.9 g/L at 6 and 12 months
after the initial dose of obinutuzumab, respectively (all P
Figure 2. (A) Change of urine protein creatinine ratio (uPCR) after
obinutuzumab in PLA2R subgroups. “PLA2R-associated” (n = 15) w
50 RU/mL or positive immunofluorescence staining for PLA2R antig
previous-rituximab subgroups. “With previous rituximab” (n = 12) w
before the initial infusion of obinutuzumab.
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values < 0.001). The trend of serum albumin is shown
in Fig 3.

The serum creatinine levels of all patients remained stable
during the follow-up period, indicating that the kidney
function remained stable after the administration of obinu-
tuzumab. The trend of serum creatinine is shown in Fig 4.

Serum Anti-PLA2R Antibodies

Among the 14 patients with positive serum anti-PLA2R
antibodies, only 10 patients presented with an anti-PLA2R
titer greater than 2 RU/mL (a titer less than 2 RU/mL
was considered negative by our immunology laboratory) at
the commencement of obinutuzumab because of the pre-
vious immunosuppressive medications. Changes in serum
anti-PLA2R antibodies are shown in Table S1.

Peripheral Lymphocyte Subsets

Significant changes in the lymphocyte subsets were noted
following obinutuzumab treatment. Notably, decreases
were observed not only in the CD19+ B-cell count (72.0
[10.0-227.5] vs 0.0 [0.0-0.0]; P < 0.001) but also in the
total lymphocyte count (1,817.8 ± 546.9 vs 1,385.6 ± 575.1;
P = 0.006), total T-cell count (1,390.3 ± 430.6 vs
obinutuzumab in all patients (n = 18). (B) Change of uPCR after
as defined as either serum anti-PLA2R antibody titers exceeding
en on kidney biopsy. (C) Change of uPCR after obinutuzumab in
as defined as having received at least one course of rituximab

5



Figure 3. (A) Change of serum albumin level after obinutuzumab in all patients (n = 18). (B) Change of serum albumin level after
obinutuzumab in PLA2R subgroups. “PLA2R-associated” (n = 15) was defined as either serum anti-PLA2R antibody titers exceeding
50 RU/mL or positive immunofluorescence staining for PLA2R antigen on kidney biopsy. (C) Change of serum albumin level after
obinutuzumab in previous-rituximab subgroups. “With previous rituximab” (n = 12) was defined as having received at least 1 course
of rituximab before the initial infusion of obinutuzumab.
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1,134.2 ± 500.5; P = 0.04), and CD4+ T-cell count (842.5
[634.5-1,163.3] vs 594.5 [446.5-769.5]; P = 0.04).
However, no significant differences were observed in the
CD8+ T-cell count, CD4+ T-cell count/CD8+ T-cell count
ratio, or natural killer cell count (all P > 0.05). Detailed
information is presented in Table 4.

Combined Treatment

After the first dose of obinutuzumab treatment, 16 patients
(88.9%) withdrew all immunosuppressive medications
successfully during the follow-up. In 1 patient, tacrolimus
was continued for 8 months with slow tapering and ceased
after another dose of obinutuzumab. A patient who
showed a poor response to obinutuzumab was treated with
cyclophosphamide and prednisone and failed to achieve
remission by the end of the follow-up.

Safety

During the follow-up period, no severe treatment-related
adverse events were observed during or shortly after obi-
nutuzumab treatments. Adverse events were observed in 5
patients (27.8%), which included infection (n = 3) and
itching (n = 2). At 4 and 8 months after the last dose of
obinutuzumab, 2 patients developed viral pneumonia
caused by coronavirus, requiring hospitalization, but were
successfully treated and cured. One patient exhibited mild
6

inflammation in the lungs during a physical examination
conducted 3 months after receiving obinutuzumab.
Although viral pneumonia was considered, the patient
remained asymptomatic and did not require hospitalization
or medication. Itching was experienced by 2 patients during
the early stage of the obinutuzumab infusion and occurred
every time they received the infusion. However, neither of
them developed any accompanying rashes. No anaphylactic
shock, sepsis, malignancy, or death was observed.
DISCUSSION

The emergence of novel anti-CD20 monoclonal antibodies
raises our interest in exploring their potential role in the
treatment of MN, an autoimmune disease characterized by
the presence of nephritogenic antigens. In our single-
center study, 17 patients (94.4%) with MN achieved
either partial or CR with obinutuzumab, showing efficacy
even in 11 patients (61.1%) with unsatisfactory responses
to previous rituximab treatments.

The remission rate in 6 months in our study was 72.2%,
slightly higher than the 6-month remission rate of 60% in
the study conducted by Sethi et al7 and the 12-month
remission rate was 88.9%, which closely aligned with that
of the 90% observed previously. In MENTOR Trial, 35% and
60% of patients with MN achieved remission at 6 months
Kidney Med Vol 6 | Iss 8 | August 2024 | 100853



Figure 4. (A) Change of serum creatinine level after obinutuzumab in all patients (n = 18). (B) Change of serum creatinine level after
obinutuzumab in PLA2R subgroups. “PLA2R-associated” (n = 15) was defined as either serum anti-PLA2R antibody titers exceeding
50 RU/mL or positive immunofluorescence staining for PLA2R antigen on kidney biopsy. (C) Change of serum creatinine level after
obinutuzumab in previous-rituximab subgroups. “With previous rituximab” (n = 12) was defined as having received at least 1 course
of rituximab before the initial infusion of obinutuzumab.
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and 12 months after rituximab treatment, lower percentages
than those observed in our study.2 Moreover, Ruggenenti
et al8 reported a median time to remission of 7.1 months
with rituximab treatment, which was much longer than the
2.7 months observed in our study, indicating that obinutu-
zumab appeared to induce a faster remission in MN. In other
sporadic case reports, obinutuzumab had demonstrated
promising efficacy in complex, refractory MN, including
rituximab-resistant MN, IgG4-associated MN, and MN cases
with severe chronic kidney disease.9-12 Our findings aligned
with previous studies on rituximab-resistant patients, indi-
cating that all 11 patients achieved remission, with 4 of
them attaining CR by the end of the follow-up.
Table 4. Changes in Peripheral Lymphocyte Subsets Before and

Lymphocyte Subsets At
Total CD45+ lymphocyte count, 1 cell/μL, mean ± SD 1,8
Total T-cell count, 1 cell/μL, mean ± SD 1,3
CD4+ T-cell count, 1 cell/μL, median (IQR) 84
CD8+ T-cell count, 1 cell/μL, mean ± SD 46
CD4+ T-cell count/CD8+ T-cell count ratio, median (IQR) 1.8
CD56+CD16+ NK-cell count, 1 cell/μL, median (IQR) 18
CD19+ B-cell count, 1 cell/μL, median (IQR) 72
Abbreviations: IQR, interquartile range; SD, standard deviation; BCD, B-cell deplet
aSignificant P values.
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In our study, obinutuzumab demonstrated good toler-
ability, and no serious adverse events were reported
among the patients. For the patient who experienced a
severe infusion reaction to previous rituximab, obinutu-
zumab was well tolerated, indicating a lower immunoge-
nicity of obinutuzumab as a humanized monoclonal
antibody.

With the expanding utilization of rituximab in the
management of MN, the treatment failure of rituximab
prompted various speculations, such as concerns about
anti-rituximab antibody development, rituximab under-
dosing because of urinary excretion, and incomplete
depletion of B-cells in lymphoid organs.13,14
After Obinutuzumab Treatment

Baseline At First BCD P
17.8 ± 546.9 1,385.6 ± 575.1 0.006a

90.3 ± 430.6 1,134.2 ± 500.5 0.04a

2.5 (634.5-1,163.3) 594.5 (446.5-769.5) 0.04a

9.6 ± 172.9 429.7 ± 198.8 0.25
(1.3-2.7) 1.4 (1.1-2.1) 0.42

2.5 (94.8-451.3) 207.0 (75.5-317.3) 0.35
.0 (10.0-227.5) 0.0 (0.0-0.0) <0.001a

ion; NK, natural killer.
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Obinutuzumab, as a humanized antibody, may hold the
potential for enhanced efficacy by minimizing the risk of
inadequate activity resulting from the production of anti-
antibodies, which was supported by the fact that anti-
rituximab antibodies neutralized the activity of rituximab
in 80% of the cases but exhibited cross-reactivity with
obinutuzumab in only 20% of the patients.13 However,
Angeletti et al15 found that the presence of anti-rituximab
antibodies did not correlate with clinical relapse or B-cell
reconstitution in steroid-dependent nephrotic syndrome.
Considering that the rate of rituximab resistance was much
lower than the 80% rate of anti-rituximab development,
factors other than anti-rituximab antibodies may account
for rituximab resistance in MN. For rituximab under-
dosing, increased clearance, a shortened half-life, and
lower serum concentrations of rituximab were observed in
MN with heavy proteinuria, suggesting higher doses or
dosing frequencies may increase the serum concentration
and optimize the efficacy of rituximab. In our studies, the
median course of previous rituximab treatment was 2.0
(1.3-4.8), comparable to the average dose of 2.1 ± 0.8 for
obinutuzumab. However, despite the similar molecular
weights of rituximab and obinutuzumab (145 kDa versus
146.1 kDa),16-18 obinutuzumab led to a significantly
different remission outcome in MN. Therefore, we hy-
pothesized that the superior efficacy of obinutuzumab
observed in MN could be attributed to the deeper deple-
tion of B-cells when compared with rituximab.

The mechanism by which anti-CD20 antibodies induce
B-cell death mainly involves 4 pathways: direct cell death,
antibody-dependent cytotoxicity, complement-dependent
cytotoxicity, and antibody-dependent phagocytosis.14,18 In
contrast to significant complement-dependent cytotoxicity
and antibody-dependent cytotoxicity induced by rituximab,
obinutuzumab induced minimal complement-dependent
cytotoxicity but elicited greater direct cell death as a type
II antibody, hence improving the antibody-dependent
cytotoxicity and antibody-dependent phagocytosis contrib-
uted from the afucosylated Fc portion.14,18 This may
minimize the risk of limited efficacy in BCD by activating
complement-dependent cytotoxicity due to the expression
of complement resistance factors and depletion of comple-
ment proteins on target cells.19,20 Despite the difference in
the pattern of cell death, type II antibodies also exhibit
dissimilarities with type I antibodies in their ability to be
internalized after interaction with FcγRIIb expressed on B-
cells, which demonstrated 5 times potency in depleting B-
cells resulting from reduced macrophage recruitment and
CD20/anti-CD20 antibody complex degradation, short-
ening half-life of anti-CD20 antibodies.21 The factors
mentioned above may account for the superior efficacy of
obinutuzumab when compared with rituximab observed in
this study, but further research is necessary to confirm this
efficacy and uncover the underlying mechanisms.

Our study had several limitations, as with many retro-
spective studies, there were limited or missing data and
risks of selection bias or recall bias. To address these
8

limitations, we applied clear inclusion criteria, conducted
follow-ups of each patient with adequate observation time,
and maintained comprehensive records within the elec-
tronic medical record system. In addition, the first relapse-
free survival time might have been underestimated because
16 patients remained in remission by the end of the
follow-up. Regarding that patient who did not achieve
remission, it may be too early to regard him as a nonre-
sponder considering the significant decrease in his serum
PLA2R antibody titers. The failure to reach remission
might be attributed to insufficient time for BCD and
follow-up. Consequently, the efficacy might be under-
estimated, and we could anticipate promising results with
additional cumulative doses and an extended follow-up
period. Furthermore, because of limitations in observa-
tional studies and clinical practice, regular monitoring of
CD19+ B-cells and other lymphocyte subsets was not
conducted after obinutuzumab administration. Conse-
quently, the investigation into the correlation between
BCD or reconstitution and clinical outcomes remained
constrained.

In conclusion, obinutuzumab demonstrated promising
efficacy and safety in inducing remission in MN, especially
in patients with an unsatisfactory response to rituximab.
Further prospective studies and randomized controlled
trials are required to confirm these findings.
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