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Background: B-cell-targeted therapy with rituximab (RTX) has become a
first-line option for primary membranous nephropathy (PMN), but current
regimens incur substantial medical costs, and some patients show suboptimal
responses. The combination of RTX with immunosuppressants has garnered
increasing interest, yet its efficacy and optimal dosing remain unclear. This study
compared the efficacy and safety of B-cell-guided RTX combined with low-dose
tacrolimus (TAC) versus standard RTX monotherapy for the treatment of PMN.
Methods: This retrospective analysis included 116 patients diagnosed with
PMN between December 2022 and December 2024. All participants were
diagnosed based on clinical evaluation and renal biopsy pathology. Of these
patients, 57 finally received B-cell-guided RTX combined with low-dose TAC
(observation group), while 38 received RTX monotherapy (standard group).
In the observation group, RTX dosage was adjusted based on B-lymphocyte
counts until B-cell depletion was achieved, accompanied by long-term oral low-
dose TAC (0.02 mg/kg/day). Follow-up was conducted monthly after treatment
to monitor peripheral blood lymphocyte subsets. RTX was re-administered if
CD19+ B-lymphocytes rebounded to >5 cells/puL and the patient had not
achieved complete remission. The standard group received two 1 g doses
of administered 2 weeks apart. Over a 6-months follow-up, remission rates,
incidence of adverse events, and treatment costs were compared between
the two regimens.

Results: The overall remission rate in the observation group was 71.93%, with
complete and partial remission rates of 31.58% and 40.35%, respectively. In
the standard group, the overall remission rate was 68.42%, with complete
and partial remission rates of 26.32% and 42.1%, respectively; none of
these differences were statistically significant (P > 0.05). Multi-factor Logistic
regression analysis identified non-use of renin-angiotensin system inhibitors
(RASI) as an independent risk factor for non-remission (OR = 9.113, 95% ClI:
1.010, 82.259, P = 0.049), while higher baseline aloumin levels served as a
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protective factor for remission (OR = 0.862, 95% Cl: 0.747,0.995, P = 0.042). The
observation group received a significantly lower total dose of RTX (0.3 + 0.16g
vs.2 g, t=73.19, P=0.000) and had reduced immunosuppressive therapy costs
(5608.77 + 205341 CNY vs. 26,000 CNY, t = 74.973, P = 0.000), resulting in
average savings of approximately 20,391.23 CNY per patient. During treatment,
no serious adverse events occurred in the observation group, whereas four
serious adverse events were reported in the standard group. Non-serious
adverse events totaled 12 in the observation group and 18 in the standard group.
Overall safety was significantly higher in the observation group (x2 = 12.656,

Conclusion: B-cell-guided RTX combined with low-dose TAC effectively
induces clinical remission in patients with PMN, with a lower total RTX dose,

improved safety profile, and better cost-effectiveness.

B-cell-guided, B-cell-targeted therapy, primary membranous nephropathy, rituximab,
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Introduction

Primary membranous nephropathy (PMN) is one of the most
common causes of nephrotic syndrome in adults, accounting for
23.4% of all renal biopsy in China (1). The prognosis of PMN
varies significantly. Approximately 30% of patients can achieve
spontaneous remission, while 30% of patients fail to respond
to immunosuppressive therapy and progress to end-stage renal
disease (ESRD) (2-4). Persistent heavy proteinuria is an important
risk factor for renal function deterioration (5). Therefore, the
KDIGO 2021 Clinical Practice Guideline for the Management
of Glomerular Diseases recommends individualized management
of PMN based on the risk of progressive renal function decline
(6). Although traditional immunosuppressive regimens, such as
combinations of glucocorticoids (GC) with alkylating agents or GC
with calcineurin inhibitors (CNIs)-are effective, they carry risks
including infection, bone marrow suppression, nephrotoxicity, and
a high recurrence rate (7).

In recent years, with the successive identification of podocyte
target antigens such as M-type phospholipase A2 receptor (PLA2R)
and thrombospondin type 1 domain-containing 7A (THSD7A)
(8, 9), PMN is recognized as an organ-speciﬁc autoimmune
podocytopathy (10-12). B lymphocytes generate antibodies that
bind to podocyte antigens, activate the complement system (13),
trigger oxidative stress and inflammation (14), and damage the
podocyte filtration barrier. Environmental pollutants (such as
PM2.5) can promote oxidative stress, and RAS signaling via
the Wntl/B-catenin pathway can further worsen podocyte injury
(15, 16).

Given the central pathogenic role of B lymphocytes in PMN
(17), B cell-targeted therapy with rituximab (RTX) can selectively
deplete B cells and suppress production of pathogenic antibodies,
and it has become a first-line immunosuppressive option for high-
risk PMN patients (18-21). Current RTX regimens mirror those
used in lymphoma, employing either a “two-dose” or a “four-
dose” schedule. However, in PMN patients, both the number and
activity of B cells are substantially lower than that in lymphoma
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patients, leading to ongoing debate about the need for equivalent
dosing (22). Moreover, 20%-40% of patients fail to respond to the
initial course of RTX, and 5%-28% relapse after remission (20, 21).
CNIs, such as tacrolimus (TAC) and cyclosporine, are less effective
at eliminating autoantibodies but mitigate immune-mediated
injury by inhibiting T-lymphocyte activation and proliferation
(23). TAC is associated with a high risk of disease relapse
following discontinuation and carries a significant potential for
nephrotoxicity with prolonged use. Consequently, combination
therapy using RTX and CNIs has attracted interest (24). Recent
studies report that treating PMN with RTX and cyclosporine (CsA)
results in higher remission rates and faster remission compared
to RTX monotherapy, along with stable renal function and good
tolerability (25, 26). In addition, the high price of RTX increases
the economic cost pressure on patients treatment. Our study
attempts to explore an economical and effective treatment regimen
by comparing combination therapy using B-cell-guided RTX and
low-dose TAC to the standard two-dose RTX protocol.

Materials and methods

Study participants

This study is a retrospective cohort study. Patients with
PMN who were treated in the Department of Nephrology of
Fuwai Central China Cardiovascular Hospital from December
2022 to December 2024 were included. The enrollment criteria
were as follows: (1) age > 18 years; (2) PMN was diagnosed
by renal biopsy, including newly-treated patients at risk of
disease progression and re-treated patients who did not achieve
remission or relapsed after treatment with glucocorticoids/other
immunosuppressive agents. (3) Estimated glomerular filtration rate
(eGFR) > 30 ml/min/1.73 m?. The exclusion criteria were as
follows: (1) patients with active infections, or in the active stage
of hepatitis B or C; (2) pregnancy; (3) B-lymphocyte tumors or
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other presence of tumors. This study was approved by the Ethics
Committee of Fuwai Central China Cardiovascular Hospital.

Study design

The enrolled patients were divided into two groups according
to different RTX regimens: (1) B-cell-guided RTX combined with
low does TAC was defined as the observation group: a single
intravenous infusion of 0.1 g RTX [Hanlikang, Shanghai Fosun
Pharmaceutical (Group) Co., Ltd.,] was administered. If B-cell
depletion is not achieved, additional RTX are administered until
depletion is confirmed. While low dose TAC (Saifukai, Hangzhou
Zhongmei Huadong Pharmaceutical Co., Ltd.) [0.02 mg/(kg-d)]
was taken orally for long-term maintenance. The peripheral blood
CD19+ B cells are monitored monthly. If B-cell reconstitution
occurs and the patient did not achieve complete remission, RTX
treatment was repeated. (2) The standard two-dose RTX regimen
with 1 g RTX, followed by a repeated dose 2 weeks later was defined
as the standard group. Before RTX infusion, all patients in both
groups received standard premedication to prevent acute infusion
reactions. This included infusion reactions. Electrocardiographic
monitoring was performed throughout the infusion process to
detect changes in heart rate, blood pressure, and oxygen saturation.
All patients received compound sulfamethoxazole to prevent
Pneumocystis jirovecii pneumonia during the treatment period.

Monitoring indicators

The clinical and biological data of patients were recorded.
Clinical data included age, gender, height, weight, renal
pathological staging, and disease duration. Biological indicators
comprised serum PLA2R antibody(anti-PLA2R), serum albumin
(Alb), serum creatinine (SCr), serum cystatin C (Cys C), total
serum cholesterol (TC), triglyceride (TG), hemoglobin (Hb),
serum C-reactive protein (CRP), D-dimer (Dimer), 24-hour urine
total protein (24h-UTP), and lymphocyte subset counts, which
were monitored at baseline and 1, 3, and 6 months of follow-up.

Adverse reactions were also recorded simultaneously.

Criteria for efficacy evaluation

B-cell depletion (BCD): peripheral blood CD19+ B cell
counts < 5 cells/ul.

B-cell reconstitution: peripheral blood CD19+ B cell counts
greater than 5 cells/ul after BCD has been achieved.

Complete remission (CR): 24h-UTP < 0.5 g.

Partial remission (PR): 24h-UTP > 0.5 g but <3.5 g, or as
a >50% reduction in 24h-UTP from baseline with stable renal
function (serum creatinine rise < 20% from baseline).

Cases not meeting CR or PR were considered invalid.

Statistical analysis

Statistical analysis and chart drawing were performed using
Statistical Product and Service Solutions (SPSS) 25.0 (IBM Corp.,
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NY, USA) and GraphPad Prism 8.0 software. Continuous variables
with normal distribution were expressed as mean =+ standard
deviation (x =+ s), those with non-normal distribution were
expressed as median and interquartile range (M, IQR), and
categorical variables were expressed as frequencies or percentages.
T-test or Mann-Whitney U test was used for the comparison
between groups of continuous variables, and analysis of variance
was used for repeated-measurement comparison, with the
Bonferroni method used to control type I errors. The chi-square
test or Fisher’s exact test was used to determine differences between
categorical variables. Logistic regression was used to control
confounding factors and identify non-remission risk factors.
Statistical significance was set at P < 0.05.

Results

Baseline data status

A total of 116 patients with PMN were enrolled. During the
follow-up process, eight patients were excluded for reasons such
as active infections, pregnancy and tumors. The observation group
and standard group included 62 and 46 patients, respectively.
Five patients were lost to follow-up and seven patients switched
the treatment in mid-treatment, while one patient died of
leukoencephalopathy in the standard group. Finally, 95 patients
completed the follow-up study, the observation group included 57
patients, while the standard group included 38 patients (Figure 1).

No statistically significant differences were found between the
two groups in clinical data at baseline including age, gender, BSA,
serum albumin, total cholesterol, serum creatinine, serum cystatin
C, hemoglobin, 24-hour urine protein, anti-PLA2R (P > 0.05).
There were also no statistical differences in the proportions
of lymphocyte subsets between the two groups, including the
number of CDI19+ B lymphocytes, the CD4/CD8 ratio, and
the number of NK cells. Type I membranous nephropathy was
the main pathological staging in both groups. Renin-angiotensin
system inhibitors (RASi) were recommended for all patients
unless contraindicated or intolerant, and there was no significant
difference in the usage rate of concomitant medications between
the two groups. The proportion of relapse treatment in the
observation group was higher (x2 = 5.309, P = 0.027), and the
disease duration was longer [24 (9,60) vs. 3 (1,9), Z = —4.578,
P =0.000] than that in the standard group. The difference between
the two groups was statistically significant (Table 1).

Disease remission status

The median follow-up time was 11 months (interquartile
range 6-24 months). The results indicated that during the
follow-up period, the patient’s 24-hour urinary total protein level
progressively decreased, accompanied by a gradual increase in
albumin. The anti-PLA2R titer showed a declining trend, and the
serum creatinine level remained largely stable. At 1 month of
treatment, the serum albumin level in the observation group was
significantly higher than that in the standard group (30.48 & 7.67
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116 patients with primary membranous nephropathy met the inclusion criteria:
(1) age=18 years; (2) PMN was diagnosed by renal biopsy, including newly-treated patients
at risk of disease progression and re-treated patients; (3) eGFR > 30 ml/min/1.73 m?;
8 patients were excluded:
(1)Patients with active infections, or in the active stage
»| of hepatitis B orC: 4
(2) Pregnancy: 2
(3) B-lymphocyte tumors or other presence of tumors: 2
B-cel l—gmded RT)'( combined VYlth TAC obsgrvatlon group': 1 g RTX standard group: 46 patients,
62 patients, received B-cell-guided RTX until B-cell depletion . X ! .
. - received RTX infusion of 1 g/time on
was achieved (CD19* B-cells < 5 cells/mm3) .Meanwhile, the 1st and 15th day. twice in total
0.02 mg/kg/day of tacrolimus was added Vs
Monitor peripheral blood CD19+ B-cells every
month. If B-cell reconstitution occurs and the
kidney disease has not achieved a remission state,
administer RTX again to achieve B-cell depletion
Laboratory indicators including serum albumin, serum creatinine, anti-PLA2R, CD19* B-cells
count and 24-hour urine total protein were monitored At 1, 3, 6 months of follow up.
]
B-cell-guided RTX combined with TAC observation group: 1 g RTX standard group:
Loss to follow-up: 2 Loss to follow-up: 3
Switch the treatment: 3 death: 1
57 patients finished the follow-up Switch the treatment: 4
38 patients finished the follow-up
Compare the complete remission rate, partial remission rate and adverse events |
FIGURE 1

Flow chart of the study. The flowchart shows the patient selection process in this retrospective cohort study. The cohort included 116 patients with
PMN between December 2022 and December 2024. After screening under the conditions shown in this Figure, 95 eligible patients (the observation
group, n = 57; the standard group, n = 38) were included in the final analysis.

vs. 26.53 £ 6.95, t = —2.398, P = 0.019), and the same with the anti-
PLA2R titer [19.56 (4.43, 100.45) vs. 9.41 (1.00, 23.02), Z = —2.502,
P = 0.012], a statistical difference was noted between the two
groups. However, no significant difference was noted in 24-hour
urinary total protein levels. At 6 months, compared to baseline,
both two groups showed significant decreases in 24-hour urinary
total protein significantly, significant increases in serum albumin,
and significant reductions in anti-PLA2R antibody titers, but no
statistically significant differences were observed between the two
groups (Figure 2).

In our study, the overall remission rate of the observation group
was 71.93% at the 6-months follow-up, compared with 68.42% in
the RTX standard group (x? = 0.082, P = 0.475), no statistically
significant differences were observed between the two groups. In
detail, the complete and partial remission rates of the observation
group were 31.58% and 40.35%, respectively. Meanwhile, those of
the standard group were 26.32% and 42.1%, respectively. There
were no statistically significant differences between the two groups
(2 =0.327, P = 0.849) (Figure 3).

Multi-factor Logistic regression analysis was used to identify
the risk factors for non-remission of PMN after 6 months of
treatment, with baseline variables incorporated via forced entry
method for equation modeling. The findings revealed that: Non-
use of RASi (odds ratio [OR] = 9.113, 95% confidence interval
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[CI] 1.010, 82.259, P = 0.049) was an independent risk factor for
non-remission of PMN at 6 months post-treatment. Meanwhile,
higher baseline albumin levels (OR = 0.862, 95% CI 0.747, 0.995,
P = 0.042) served as a protective factor for disease remission. In
addition, treatment regimens did not exert a statistically significant
impact on remission outcomes (OR = 0.904, 95% CI 0.242, 3.381,
P =0.881) (Table 2).

B-cell depletion status

During the follow-up period, lymphocyte subsets were
monitored continuously to evaluate the efficacy and duration of
CD19+ lymphocyte depletion in both groups. In the observation
group, the median dose for complete B-cell depletion during the
initial treatment was 0.1 g (interquartile range 0.1-0.5). In the
standard group, all patients achieved B-cell depletion after the
first 1 g RTX dose, and reassessment before the second 1 g dose
at 2 weeks confirmed persistent depletion in all cases. During
follow-up, B-cell reconstitution began at approximately 3 months
after depletion in both groups, with no significant difference in
B-lymphocyte counts at reconstitution between the observation
group and the standard group (20.44 £ 29.52 vs. 20.98 £ 26.49,
t=0.07, P = 0.945).
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TABLE1 Comparison of baseline data between the two groups.

Clinical characteristics

Standard group

10.3389/fmed.2026.1761271

Observation group

Age (years) 51.58 £ 11.512 49.60 £ 12.967 0.674 0.502*
Male 1 (%) 27 (71.05%) 38 (66.67%) 0.203 0.822&
Body surface area (m?) 1.76 £ 0.15 1.75+0.18 0.371 0.712*
Relapse treatment # (%) 20 (52.63%) 43 (75.43%) 5.309 0.027&
Disease duration (month) 3(1,9) 24 (9,60) —4.578 0.000#
Pathological stage n (%)

I 19 (50%) 29 (50.88%) 0.926 0.629&
1I 17 (44.74%) 27 (47.37%)

I 2 (5.26%) 1(1.75%)

Concomitant drugs n (%)

RASI 36 (94.73%) 50 (87.71%) 1.309 0.253&
Serum albumin (g/L) 24.63 £ 6.68 27.754+9.35 —1.893 0.062*
Total cholesterol (mmol/L) 7.22+222 6.78 +2.61 0.845 0.401*
Triglyceride (mmol/L) 3.39 £2.69 2.46 £ 1.46 2.173 0.032*
Serum creatinine (umol/L) 78.73 £ 30.02 95.61 £ 57.21 —1.874 0.064*
Serum cystatin C (mg/L) 1.01 (0.88, 1.08) 0.99 (0.76, 1.51) —0.053 0.958#
Hemoglobin (g/L) 131.24 +18.75 124.04 £ 19.50 —1.796 0.077*
24-hour urine protein (g) 8.15+5.68 7.77 £+ 5.47 0.334 0.739*
Anti-PLA2R 71.45 (17.91, 267.07) 70.09 (12.77, 230.16) —0.057 0.955#
Number of CD19+ B-cells count (/ul) 302.25 £+ 174.96 266.71 £ 189.09 0.924 0.358*
CD4/CD8 2.16 £+ 1.66 1.94 4 0.82 0.719 0.476*
Number of NK lymphocytes (/ul) 207.41 £+ 132.14 208.98 £ 135.59 —0.054 0.957*

*Continuous variables with normal distribution were expressed as (x % s), the group comparisons were used the “T- test”. #Non-normal distributed continuous were expressed as (M, IQR),

the group comparisons were used the “Mann-Whitney U test”. &Categorical variables were expressed as frequencies or percentages, the group comparisons were analyzed with the “Chi-square

test” or “Fisher’s exact test” (as appropriate).

Cumulative RTX dosage and costs of
immunosuppressive therapy

After 6 months, the treatment dose of RTX in the observation
group was 0.3 £ 0.16 g, compared to 2 g in the standard group,
with a statistically significant difference (¢t = 73.19, P = 0.000).
The average cost of immunosuppressive therapy in the observation
group was ¥5608.77 £+ 2053.41 CNY, versus ¥26,000 CNY in
the standard group. The observation group had significantly lower
costs (t = 74.973, P = 0.000), resulting in an approximate saving
of ¥20,391.23 CNY per person relative to the standard group
(Figure 4).

Incidence of adverse reactions

As of the 6-months treatment endpoint, no serious adverse
events (SAEs) were reported in the observation group, whereas
4 SAEs were documented in the standard group, including 1
case of Pneumocystis jirovecii pneumonia, 1 case of autoimmune
encephalitis, and 2 cases of severe pneumonia. Regarding
non-serious adverse events (nSAEs), 12 events occurred in the
observation group versus 18 in the standard group, primarily
manifesting as infusion-related reactions (e.g., pruritus, rash,
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bronchospasm) and early post-administration events (e.g.,
herpesvirus reactivation, upper respiratory tract infection). The
overall incidence of AEs in the observation group was significantly
lower than that in the standard group (x2 = 0.009, P = 0.013). No
significant changes in renal function indicators from baseline were
observed in either group, and there was no statistically significant

difference between the two groups (t = —1.742, P = 0.086).

Discussion

Our study demonstrates that in high-risk newly diagnosed
or relapsed/refractory PMN patients, the combination regimen
of B-cell-guided RTX plus low-dose TAC yields a therapeutic
response comparable to the standard two-dose RTX regimen.
There was no significant difference in the overall response rate
at 6 months in the two groups. The average dose of RTX used
was 0.3 g in the observation group, significantly lower than the
2 g in the standard group. Meanwhile, this new strategy carries a
lower infection risk and yields an average saving of approximately
¥20,391 per patient in the cost of immunosuppressive therapy. The
combination therapy of B-cell-guided RTX and low-dose TAC is
expected to be a potential option for the treatment of PMN.
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FIGURE 2

Comparison of the clinical data between two groups at baseline and follow-up. (A) Increase in serum albumin. (B) Decrease in 24h-UTP; (C)
decrease in anti-PLA2R. (D) Serum creatinine remains stable. *P < 0.05, **P < 0.01, P < 0.05 indicates significant difference.
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In recent years, PMN has been confirmed as an organ-specific
autoimmune disease mediated by autoantibodies produced by
B-cells against the antigen components of glomerular podocyte
membranes (9, 12). Results from multiple randomized controlled
trials, including GEMRITUX, MENTOR, STARMEN, and RI-
CYCLO, show that RTX treatment targeting B-cells can achieve
consistent remission rates comparable to conventional treatment
regimens (21, 27-29). The KDIGO guideline and multiple
expert consensuses recommend the standard-regimen RTX as
the first-line treatment for PMN (30-32). Nevertheless, a high
cumulative dose of RTX may induce a prolonged state of
immunodeficiency, potentially doubling the susceptibility to
infections. This heightened vulnerability is particularly concerning
during the COVID-19 pandemic, as it may substantially increase
the risk of severe disease through mechanisms such as delayed
viral clearance, progression to critical illness, and diminished
vaccine efficacy in patients with COVID-19 pneumonia (33, 34).
Moreover, the substantial cost of high-dose RTX therapy imposes
a significant financial burden on patients, prompting widespread
clinical research aimed at refining treatment strategies—such as low-
dose RTX regimens and combination therapies—to achieve better
clinical outcomes and sustainability.

Bagchi et al. (35) demonstrated that a two-dose regimen of
RTX at 500 mg per dose resulted in complete clearance of CD19+
B cells in 95.2% of patients with refractory PMN, with clinical
remission achieved in 61.9% of patients. DEL-VECCHIO et al.
(22) reported that rapid depletion of CD19+ B cells occurred
following RTX infusion, independent of the administered dose.
Ramachandran et al. (36) confirmed that a B-cell-guided RTX
regimen could achieve efficacy comparable to two standard RTX
regimens, noting that the clinical remission rate and duration in
PMN patients were closely associated with CD19+ B cell levels.
Furthermore, B-cell reconstitution was detectable prior to disease
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FIGURE 3
Comparison of the 6-month remission rates between the two
groups. ns, no significant difference, *P < 0.05, **P < 0.01, P < 0.05
indicates significant difference.

recurrence, indicating that the targeted depletion of CD19+ B
cells may be a cost-effective strategy (37). However, some studies
have indicated that while low-dose RTX can clear circulating B
lymphocytes, the resulting disease remission is often suboptimal.
In fact, 5%-28% of patients experience disease recurrence during
the B-cell depletion phase (38). Calcineurin inhibitors (CNIs)
effectively inhibit T cell activation and proliferation, modulating
the Th17 immune response and facilitating disease remission (39-
41). However, its application is constrained by the challenge of
disease recurrence following dose reduction and the nephrotoxicity
associated with long-term use. Based on the multi-target synergistic
effects of RTX and CNIs in immunotherapy, this study compared
the efficacy of a B-cell-guided RTX regimen combined with low-
dose TAC against standard-dose RTX monotherapy. In our study,
the overall remission rate for the combined regimen in PMN
treatment at 6 months was comparable to that of standard RTX
monotherapy. This outcome is attributed to the dual inhibitory
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TABLE 2 Non-remission risk factors in patients with PMN.

Clinical characteristics

95% ClI

Previous treatment (relapse/initial treatment) 0.164 0.810 1.179 0.309, 4.491
Disease duration (month) 0.000 0.984 1.000 0.983,1.018
Combined use of RASi (none-used/used) 2.210 0.049* 9.113 1.010, 82.259
Serum albumin (g/L) —0.148 0.042* 0.862 0.747, 0.995
Triglyceride (mmol/L) —0.142 0.459 0.868 0.596, 1.264
24-hour urine protein (g) —0.080 0.308 0.923 0.791, 1.077
Anti-PLA2R (titer) —0.016 0.451 0.984 0.943, 1.026
Serum creatinine (umol/L) 0.011 0.447 1.011 0.983, 1.040
Different treatment groups (the observation group/the standard —0.101 0.881 0.904 0.242, 3.381
group)
Logistic forced inclusion analysis, n = 95. *P < 0.05 indicates significant difference.
A . 2.5 B = 30000 *k
) ok Z —
N—
Q — o
N 2.0 =
Q c
T ©
« 3 20000~
2 1.5 5 »
(4 o @
o g2
2 1.0- o5
® @ 10000
g 0.5+ g
o £
0.0 T £ 0 T
R R K
O O O O
$ $ N $
6@ S S S
N & Q& O
¥ & ¥ &
O é O Q
4 < N2 &
) o ) @
9) ©)
FIGURE 4
Comparison of RTX dosing (A) and immunosuppressive therapy costs (B) between the two groups. *P < 0.05, **P < 0.01, P < 0.05 indicates
significant difference.

effects of the combination therapy on both B lymphocytes and
T lymphocytes, while also stabilizing the cytoskeletal proteins of
podocytes (42), and inhibiting the “immune amplification loop” of
complement activation (13), thereby providing ongoing protection
to podocytes during the gradual recovery of B cells. In the initial
round of the combined regimen, a median dose of 0.1 g (0.1, 0.5)
of RTX was sufficient to achieve CD19+ B-cell depletion, with
a mean total RTX dose of 0.3 g over 6 months. The regimen
significantly reduced RTX exposure, thereby lowering the incidence
of severe infections and overall treatment costs. And low-dose
TAC effectively minimized CNI-associated nephrotoxicity while
maintaining a favorable safety profile.

For patients with PMN, expert consensus suggests that
when considering whether to re-administer RTX at 6 months
post-treatment, the assessment should include B cell recovery
status, anti-PLA2R antibody levels, and clinical remission
status (31). In practice, however, persistent massive proteinuria
without remission for 6 months carries a higher risk of renal
function decline and thromboembolism. This situation also raises
readmission rates and undermines patient adherence. Several

Frontiers in Medicine

studies report that monitoring peripheral blood CD19+ B cells
and administering an additional RTX dose when their counts
recover (CD19+ B cells > 5 cells/mm?) effectively maintains
remission and lowers the risk of relapse (25, 43). In this study,
upon achieving B-cell depletion in the combined-medication
group during the initial treatment phase, RTX was promptly
readministered upon reappearance of peripheral blood CD19+
B cells to sustain depletion. Continuous monitoring showed that
B-cell reconstitution began in both patient groups 3 months
after treatment, suggesting that the duration of post-depletion
maintenance in PMN patients may not depend strongly on the
RTX dose. In some cases, B-cell reconstitution occurred alongside
clinical remission. For example, one patient achieved rapid
remission after a single 0.1 g dose of RTX. While his CD19+ B
cell count increased at 3 months and normalized by 6 months,
he maintained clinical remission for at least 18 months. We
hypothesize that during B-cell reconstitution, transitional B cells
emerge early while memory B cells recover later, potentially
explaining why clinical relapse often follows B-cell repopulation.
However, no clear temporal correlation has been established
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between the timing or extent of B-cell reconstitution and clinical
outcomes, and the mechanisms underlying this dissociation remain
unclear. Therefore, we propose that dynamic monitoring of B cell
counts together with clinical remission status, followed by timely
re-administration of RTX when indicated, may be more effective
for achieving rapid disease control.

This study has several limitations. It is a single-center,
retrospective cohort study based on HIS data from a tertiary-grade
A hospital in China. The sample size is limited, with relatively
few observed cases and a short follow-up period. Future high-
quality randomized controlled trials are necessary to validate the
long-term efficacy and safety of the B-cell-guided combination
therapy of RTX plus low-dose TAC, as well as to monitor the
potential development of anti-RTX antibodies during repeated low-
dose RTX administration. Furthermore, differences in treatment
cost structures, follow-up adherence, and other factors between
the study setting and other countries or regions should be
considered. Therefore, these findings should be applied within
specific clinical contexts and patient populations, and should not
be directly generalized to settings with differing healthcare policies
or resource allocations.

Conclusion

In conclusion, our study demonstrates that a B-cell-guided
RTX combined with low-dose TAC regimen effectively induces
clinical remission in both treatment-naive and relapsed/refractory
high-risk PMN patients, while significantly reducing RTX exposure
and lowering treatment costs. This strategy thus represents a safer
and more cost-effective therapeutic option for high-risk PMN in
resource-limited settings.
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