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Abstract: Objective: To compare the efficacy of combining methylprednisolone with either rituximab or tacrolimus
for treating idiopathic membranous nephropathy (IMN). Method: This research is designed as a prospective study
(TCTR20260515001, URL: https://www.thaiclinicaltrials.org/show/TCTR20260515001). A total of 210 IMN pa-
tients treated at Binzhou People’s Hospital from October 2021 to October 2024 were enrolled and randomly as-
signed to one of three groups: a control group, intervention group 1, and intervention group 2. The control group
received methylprednisolone alone. Intervention group 1 underwent the same methylprednisolone therapy plus
intravenous rituximab, while intervention group 2 received methylprednisolone combined with oral tacrolimus. Gen-
eral data, clinical efficacy after treatment, phospholipase A2 receptor (PLA2R), renal function indicators, inflam-
matory indicators, urinary immune indicators, quality of life, and adverse reactions were compared. Multivariate
logistic regression analysis was used to examine whether the treatment regimen was an independent influencing
factor for the patient’s therapeutic effect. Subgroup analysis was used to compare the efficacy differences among
patients with different characteristics after receiving different treatment plans. Results: The total effective rate of
treatment in intervention group 1 was higher than that in intervention group 2 and the control group (P<0.05). With
increasing treatment time, PLA2R, 24-hour urine protein quantification, serum creatinine (SCr), blood urea nitrogen
(BUN), inflammatory indicators, and urinary immune indicators of all patients declined, and intervention group 1
exhibited lower values than both intervention group 2 and the control group (P<0.05); while plasma albumin (ALB)
and Short Form-36 Health Survey score (SF-36) gradually increased with treatment time, and intervention group 1
exhibited higher values than intervention group 2 and the control group (P<0.05). However, no discernible statistical
difference was observed in the total incidence of adverse reactions among the three groups (P>0.05). Multivariate
logistic regression analysis showed that after adjusting for confounding factors, the rituximab combination regimen
was an independent influencing factor for better therapeutic effects in patients with moderate to high-risk idiopathic
membranous nephropathy (P<0.05). The results of the subgroup analysis showed that the therapeutic advantages
of rituximab combined with methylprednisolone remained consistent across patients with different clinical char-
acteristics. Conclusion: After adjusting for confounding factors such as age, diabetes, and baseline renal function,
concurrent rituximab and methylprednisolone showed a more favorable therapeutic outcome compared to the ta-
crolimus regimen, and it was applicable to a wider range of patients.
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Introduction IMN, especially the discovery of anti-phospho-

lipase A2 receptor antibodies, the diagnosis

Roughly 20% to 30% of cases of primary
nephrotic syndrome are caused by idiopathic
membranous nephropathy (IMN), one of the
primary causes of adult nephrotic syndrome
[1]. In recent years, with the continuous deep-
ening of understanding of the pathogenesis of

and treatment of IMN have seen significant
progress [2, 3]. The optimal treatment for mod-
erate to high-risk IMN patients remains contro-
versial and has thus become an important clini-
cal issue that urgently needs to be addressed
in nephrology.
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Currently, glucocorticoids (such as prednisone
and methylprednisolone) are the primary medi-
cations for patients with moderate to high-risk
IMN [4, 5]. However, long-term or high-dose use
of these drugs may cause adverse reactions
such as metabolic disorders, digestive system
reactions, and mental and neurological symp-
toms, limiting the application of this treatment
plan [6, 7]. Rituximab is a monoclonal antibody
directed against the CD20* antigen on B lym-
phocytes. It can specifically eliminate B cells in
the body by binding to CD20*, reduce the pro-
duction of autoantibodies, and control immune
damage to the kidneys [8, 9]; when combined
with methylprednisolone, it can exert a syner-
gistic effect: methylprednisolone can rapidly
inhibit widespread immune inflammation [10],
while rituximab precisely eliminates pathoge-
nic B cells from the source, induces immune
remission, and helps reduce the cumulative
dosage of hormones, showing good application
prospects in IMN treatment [11]. Furthermore,
tacrolimus is a potent calcineurin inhibitor that
can prevent T cell activation and proliferation,
thereby regulating aberrant immune respons-
es that damage the kidneys [12]; it can also
directly stabilize the cytoskeleton of glomerular
podocytes through non-immune mechanisms,
reduce protein leakage [13], and when com-
bined with methylprednisolone, can simultane-
ously enhance the dual inhibition of humoral
and cellular immunity [14], and may rapidly
reduce proteinuria through its unique non-im-
mune pathways, achieving multi-pathway renal
protective effects [15]. Current studies on the
efficacy of rituximab combined with tacrolimus
and methylprednisolone for moderate to high-
risk IMN, along with direct comparisons be-
tween these regimens, remain limited.

Therefore, research was performed to compare
the clinical outcomes and tolerability of ritux-
imab versus tacrolimus (both used in combina-
tion with methylprednisolone) in patients with
moderate to high-risk IMN. It is expected to pro-
vide a reference for the formulation of person-
alized treatment strategies.

Materials and methods
Participants

Based on the design of a randomized con-
trolled clinical trial, the sample size was esti-
mated using PASS 15.0 software. The control
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group’s treatment efficacy rate was roughly
70%, intervention group 1's was roughly 95%,
and intervention group 2's was roughly 76%.
With «=0.05, =0.90, P1=0.7, P2=0.95, and
P3=0.76, the total sample size calculated by
the software was at least 177 patients (59
patients in each group). The overall recruitment
goal was set at 198 patients (66 patients in
each group), taking into account a 10% drop-
out rate.

To enhance statistical validity and reduce the
risks associated with a possible and unexpect-
ed higher dropout rate or data loss that may
occur in the research, this study included a
total of 210 patients with IMN treated at
Binzhou People’s Hospital from October 2021
to October 2024. They were prospectively en-
rolled and randomly assigned to one of three
groups: a control group, intervention group 1,
and intervention group 2, with 70 participants
in each group. There was no statistically signifi-
cant difference in baseline data among the
three groups, and they were comparable. The
excess enroliment of 12 patients beyond the
planned 198 cases was intended to further
improve the statistical power of the study, re-
duce the potential impact of unforeseen high
dropout rates or data loss, and enhance the
reliability and generalizability of the study re-
sults. The control group received methylpred-
nisolone alone. Intervention group 1 under-
went the same methylprednisolone therapy
plus intravenous rituximab, while intervention
group 2 received methylprednisolone com-
bined with oral tacrolimus, as shown in Figure
1. Ethical approval for this research was autho-
rized by Binzhou People’s Hospital (Approval
number: 2022350), and all patients signed the
written informed consent form.

Diagnostic criteria

IMN diagnostic criteria: Diagnosis was made
in accordance with the 2021 KDIGO Clinical
Practice Guidelines for the Management of
Glomerular Diseases [16]: (U Diagnosed as
idiopathic membranous nephropathy through
renal biopsy and clinical examination; @ In
cases of confirmed IMN, patients who, after 3
to 6 months of conservative treatment, still
had 24-hour urine protein quantification higher
than 4 g/d and showed no downward trend,

Am J Transl Res 2026;18(7):5688-5703



Rituximab versus tacrolimus regimens for high-risk membranous nephropathy

October 2021 to October 2024
Patients with moderate-high risk IMN
(n=224)

Inclusion criteria:

(@®Age from 18 to 80 years
(@Patients diagnosed with IMN <
@ Treatment lasting for more than 6
months

(@Patients without cognitive impairment

or communication disorders.

A

Exclusion criteria:

@Patients with drug allergies or hypersensitive
constitutions (n=3)

@Secondary Membranous Nephropathy (n=5)

.| ®Patients who are breastfeeding or pregnant (n=1)

@SCr > 309umol/L, or eGFR <30mL/min/1.73m2
(n=2)
(®Patients with infected (n=3)

P
| Enrolled (n=210) |

Simple randomization

v

Intervention group Intervention group Control group
1(n=70) 2 (n=70) (n=70)
) ¥ ¥
Rituximab+Methylp Tacrolimus+Methy Methylprednisolo
rednisolone Iprednisolone ne

Drop-off and withdrawal criteria:
@®Patients who had lost contact (n=0)
@Patients who withdraw from the trial (n=0)

v

@ Patients who also participated in other trial
studies (n=0)
@Patients who reported physical discomfort (n=0)

Observation indicators:
General data
Clinical efficacy
Renal function indicators
Inflammatory indicators
Urine immune indicators
Quality of Life
Incidence rate of adverse reactions

Figure 1. Research flowchart.

were classified as moderate to high-risk pa-
tients; @ Secondary membranous nephropa-
thy was excluded.

Inclusion, exclusion, dropout and withdrawal
criteria

Inclusion criteria: O Patients aged between 18
and 80 years; @ Patients with IMN; 3 Had
received treatment according to the study
protocol for more than 6 months; @ Patients
without cognitive impairment or communica-
tion disorders.

5690

Exclusion criteria: @O Patients with known al-
lergy or hypersensitivity to the study drugs; @
Patients with secondary membranous neph-
ropathy caused by infections, autoimmune
diseases, tumors, or drugs; @ Patients who
were breastfeeding or pregnant; @ Patients
with serum creatinine (SCr) persistently above
309 umol/L or an estimated glomerular filtra-
tion rate (eGFR) below 30 mL/min/1.73 m?
and a kidney length diameter lower than 8 cm;
(®) Patients with serious or potentially fatal
infections.
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Dropout and withdrawal criteria: (D Loss to fol-
low-up; @ Voluntary withdrawal by the patients
or their guardian; 3 Concurrent participation
in another interventional trial; @ Experiencing
adverse events that led to discontinuation.

Research methods

All patients were given the corresponding tre-
atment according to their group assignment,
and all three groups were treated for 6 months.

Control group: Monotherapy with methylpred-
nisolone. Methylprednisolone tablets (Shan-
dong Xinhua Lu’an Anti-Pathogen Pharmaceu-
tical Co., Ltd., 4 mg/tablet) were administered
orally. The initial dose was 16-24 mg once daily.
The dosage was reduced following the recovery
of the patient’s condition, and the medication
was taken for 8 weeks. The dosage was re-
duced by 10% every 2 weeks, and finally a
maintenance dose of 8-12 mg was used for
clinical treatment.

Intervention group 1: Patients were treated
with methylprednisolone tablets combined
with rituximab. Patients were required to
receive intravenous injection of dexametha-
sone sodium phosphate (5 mg) and intramus-
cular injection of promethazine hydrochloride
(25 mg) orally 30 to 60 minutes before each
infusion of rituximab to prevent infusion-rela-
ted reactions. Rituximab (Xinda Biopharma-
ceutical Co., Ltd., National Drug Approval No.
$20200022, 100 mg/vial) was administered
intravenously in combination with the control
group’s regimen. A dose of 500 mg was ad-
ministered intravenously for a total of 4 doses
(cumulative dose 2 g). The initial infusion rate
was 50 mg/h, and the rate was gradually
increased, with a maximum rate of 400 mg/h.
To reduce the cumulative risk of combined
immunosuppression, in intervention group 1,
the dose reduction rate of methylprednisolone
after the first infusion of rituximab was acceler-
ated compared to the control group. Speci-
fically, starting from the 4th week of treatment,
the dose was reduced by 20% every 2 weeks,
with the goal of reducing the dose to the main-
tenance level (4-8 mg/day) by the 12th week of
treatment.

Intervention group 2: Patients were treated
with methylprednisolone tablets combined with
tacrolimus. Tacrolimus capsules (Hangzhou
China-US Huadong Pharmaceutical Co., Ltd.,
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National Drug Approval No. H20094027, 0.5
mg/capsule) were administered orally in combi-
nation with the control group’s regimen, taken
twice daily, at a dose between 0.05 and 0.1
mg/kg per day. During the medication period,
it was necessary to regularly monitor the blood
drug concentration. The monitoring frequency
was as follows: one measurement on day 3 and
one measurement on day 7 after starting the
medication, then one measurement every week
thereafter. Once the blood drug concentration
stabilized, it was adjusted to one measurement
every 2 weeks. The target range of the blood
drug concentration was controlled within 5 to
10 ng/mL. Based on the monitoring results, the
dosage of tacrolimus was adjusted in a timely
manner to ensure the safety and effectiveness
of the drug treatment. Given the immunosup-
pressive synergy of tacrolimus, the glucocorti-
coid tapering schedule for intervention group 2
was the same as that for the control group.
That is, tapering began after the patient’s con-
dition stabilized (usually starting from the 8th
week of treatment), with a 10% reduction every
two weeks, and finally maintained at a dose of
8-12 mg.

Observation indicators

(1) General information: General information of
the patients at the time of admission was col-
lected, including gender, age, disease course,
BMI, diabetes, hypertension, laboratory indica-
tors (white blood cell count, hemoglobin, plate-
let count, eGFR, PLA2R antibody, fasting blood
glucose, glycosylated hemoglobin, B-cell recon-
stitution within 6 months, B-cell reconstitution
within 12 months), previous treatment (initial
treatment, relapse treatment), and concomi-
tant medications [angiotensin-converting en-
zyme inhibitors (ACEl)/angiotensin Il receptor
antagonists (ARB) drugs, statins].

(2) Clinical efficacy: After 6 months of treat-
ment, efficacy data were collected. Clinical effi-
cacy was classified as complete remission,
partial remission, or ineffective. Complete re-
mission was defined as the patient’s 24-hour
urine protein quantification being less than 0.3
g, with serum albumin higher than 35 g/L, and
renal function-related indicators remaining sta-
ble. Partial remission was defined as a reduc-
tion in 24-hour urine protein quantification
of >50% after treatment, with serum albumin
lower than 35 g/L, and renal function-related
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indicators remaining stable. Patients who did
not meet the above treatment standards were
considered ineffective. Total effective rate =
(complete remission + partial remission/total
number) x 100%.

(3) Renal function indicators: Before treatment,
3 months after treatment, and 6 months after
treatment, renal function indicators were col-
lected, including 24-hour urine protein quantifi-
cation, blood urea nitrogen (BUN), serum cre-
atinine (SCr), and plasma albumin (ALB) levels.
After collection of venous blood and 24-hour
urine samples, blood samples were centri-
fuged for 10 minutes at room temperature to
obtain serum at 3000 rpm. Levels of BUN,
SCr, and ALB were then evaluated using an
automatic biochemical analyzer (cobas 8000,
Roche Diagnostics). The urine samples were
first measured for total volume and mixed well.
A portion of the sample was centrifuged to
obtain the supernatant, which was then mea-
sured by the biochemical analyzer to deter-
mine the urine protein concentration, and
finally the total 24-hour urine protein volume
was calculated.

(4) Serum M-type phospholipase A2 receptor
(PLA2R): This study collected morning fasting
venous blood samples from all patients at
three time points: before treatment, at the end
of 3 months of treatment, and at the end of 6
months of treatment. After centrifugation to
separate the serum, enzyme-linked immuno-
sorbent assay was used to quantitatively de-
tect the antibody levels of PLA2R in the serum
to evaluate its dynamic changes.

(5) Inflammatory indicators: Before treatment,
3 months after treatment, and 6 months after
treatment, inflammatory indicators were col-
lected, including high-sensitivity C-reactive pro-
tein (hs-CRP), interleukin-6 (IL-6), and C-X-C
motif chemokine ligand 13 (CXCL13). Serum
samples were collected and analyzed via en-
zyme-linked immunosorbent assay (ELISA kit,
Shanghai Enzyme-Linked Biotechnology) to
detect hs-CRP. CXCL13 levels were measured
using chemiluminescence immunoassay (Kit,
Roche Diagnostics). IL-6 levels were examined
by double-antibody sandwich enzyme-linked
immunosorbent assay (kit, Wuhan Huamei
Biotechnology).

(6) Urinary immune indicators: Before treat-
ment, 3 months after treatment, and 6 months
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after treatment, urinary immune indicators
were collected, including urinary immunoglob-
ulin G4 (IgG4) and membrane attack complex
(C5b-9). Midstream urine was collected using
a disposable plastic cup and kept for testing
at -20°C. Urinary C5b-9 concentration was
determined by enzyme-linked immunosorbent
assay (ELISA) using the human C5b-9 kit from
Shanghai Elion Biotechnology Co., Ltd. (item
number: ml003742, lower detection limit: 0.1
ng/mL, intra-assay coefficient of variation <8%,
inter-assay coefficient of variation <10%). Ur-
inary 18G4 concentration was determined by
double-antibody sandwich method using the
human 1gG4 detection kit from Wuhan Hua-
mei Biotechnology Co., Ltd. (item number:
CSB-E08424h, lower detection limit: 0.1 ng/
mL, intra-assay coefficient of variation <6%,
inter-assay coefficient of variation <9%). All
operations were carried out strictly in accor-
dance with the instructions, and duplicate wells
and high, medium, and low concentration qual-
ity control samples were set up.

(7) Quality of life: Before treatment, 3 months
after treatment, and 6 months after treatment,
quality of life data were collected. Quality of life
was measured using the 36-item Short Form
Health Survey (SF-36) [17], a 100-point scale
comprising 36 items where higher scores indi-
cate better quality of life.

(8) Incidence of adverse reactions: During the
entire treatment period, the occurrence of
adverse reactions was collected, including hair
loss, nausea, vomiting, fever, infection, liver
function impairment, and gastrointestinal reac-
tions. The severity of adverse reactions was
graded according to the Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0,
classified as mild (grade 1), moderate (grade
2), severe (grade 3), or life-threatening (grade
4). The incidence of adverse reactions was
calculated as the proportion of patients ex-
periencing any adverse event (all grades) dur-
ing the treatment period. Total incidence of
adverse reactions = (number of patients who
had at least one adverse reaction/total number
of patients) x 100%.

Statistical methods

Data were analyzed using SPSS 27.0. The
Shapiro-Wilk (SW) test was used to assess
normality. Measurement data with normal dis-
tribution were expressed as mean * standard
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Table 1. Comparison of general information

Intervention

Intervention

Indicator group 1 group 2 Control group  F/x? P
Gender (n, %) 0.155 0.926
Male 38 (54.29) 40 (57.14) 40 (57.14)
Female 32 (45.71) 30 (42.86) 30 (42.86)
Age (year, Xtsd) 53.27+3.62 53.55+3.84 53.61+3.58 0.607 0.546
Disease course (month, X +sd) 7.52+2.27 7.46+2.21 7.39+£2.13 0.485 0.617
BMI (kg/m?, X £sd) 24.65+2.76 24.73+2.84 24.81+2.89 0.317 0.728
Diabetes (n, %) 20 (28.57) 18 (25.71) 19 (27.14) 0.144 0.930
Hypertension (n, %) 47 (67.14) 45 (64.29) 44 (62.86) 0.292 0.864
White blood cell (x10°%/L, X +sd) 6.45+1.43 6.34+1.41 6.53+1.46 0.500 0.607

Hemoglobin (g/L, X +sd)
Platelet (x10%2/L, X +sd)
eGFR (n, %)
<60 (ml/min/1.73 m?)
>60 (ml/min/1.73 m?)
PLA2R antibody (n, %)
Fasting blood glucose (mmol/L, X +sd)
Glycated hemoglobin (%, X £sd)
B-cell reconstitution within 6 months (n, %)
B-cell reconstitution within 12 months (n, %)
Previous treatments (n, %)
Initial treatment
Relapse treatment
Concomitant medications (n, %)
ACEI/ARB drugs
Statins drugs

23 (41.82)
47 (67.14)
60 (85.71)
5.26+1.05
5.94+0.68
41 (58.57)
57 (81.43)

31 (44.29)
39 (55.71)

44 (62.86)
26 (37.14)

122.67+21.62 121.56+20.68 118.48+19.73 2.474 0.087
231.83+63.86 230.69+61.94 238.93+64.94 0.033 0.967

3.005 0.223
18 (32.73) 14 (25.46)
52 (74.29) 56 (80.00)
58 (82.86) 61 (87.14) 0.530 0.767
5.29+1.08 5.23+x1.01  1.224 0.296
5.96+0.68 6.00+£0.71  0.257 0.773
43 (61.43) 39 (55.71) 0.471 0.790
60 (85.71) 61 (87.14) 0.959 0.619
0.496 0.780
34 (48.57) 35 (50.00)
36 (51.43) 35 (50.00)
1.060 0.589
41 (58.57) 38 (54.28)
29 (41.43) 32 (45.71)

Note: BMI, body mass index; eGFR, estimated glomerular filtration rate; ACEI, angiotensin-converting enzyme inhibitor; ARB,

angiotensin Il receptor blocker.

deviation (X + sd). Comparisons between two
groups were performed using the independent
samples t-test, while comparisons within the
same group before and after treatment were
conducted using the paired samples t-test.
Comparisons of indicators in different groups
at various time points were conducted by
repeated measures analysis of variance. Non-
normally distributed data were expressed as
M (Q,, Q,,), and the rank sum test was used for
group comparisons. Count data were reported
as n (%), and the x° test was used for group
comparisons. Multivariate logistic regression
analysis was used to explore independent in-
fluencing factors for therapeutic efficacy in
patients with moderate to high-risk idiopathic
membranous nephropathy after treatment.
Subgroup analysis was performed to compare
efficacy differences of various treatment regi-
mens among patients with different character-
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istics. Statistical significance was defined as a
P value less than 0.05.

Result
Comparison of general data

Baseline general data of the three groups are
summarized in Table 1. There were no statisti-
cally significant differences among the three
groups in gender, age, disease duration, BMI,
diabetes, hypertension, laboratory indicators,
previous treatment history, or concomitant
medication use (all P>0.05).

Comparison of clinical efficacy among the
three groups

Clinical efficacy among the three groups is
shown in Table 2. The total effective rates were
92.86%, 80.00%, and 77.14% for intervention
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Table 2. Comparison of clinical validity among the three groups

Indicator Intervention group 1 Intervention group 2  Control group X2 P
Complete remission (n, %) 37 (52.86) 30 (42.86) 24 (34.29)

Partial remission (n, %) 28 (40.00) 26 (37.14) 30 (42.86)

Ineffective (n, %) 5(7.14) 14 (20.00) 16 (22.86)

Total effective (n, %) 65 (92.86) 56 (80.00) 54 (77.14) 7.063 0.029

Table 3. Comparison of PLA2R among the three groups (X +sd)

Indicator Intervention group Intgr:;/ue;t;on Control group F P

PLA2R (ug/mL)
Before therapy 14.37+2.04 14.52+2.09 14.7142.13 0.08 0.08
Following 3 months of therapy 8.351£1.21 9.01+1.04 10.37+£1.28 7.42 0.001
Following 6 months of therapy 2.32+0.93 4.17+1.05 5.24+1.07 18.56 <0.001

Frime/ Prime 125.67/<0.001

FGmup/PGroup 32.45/<0.001

Flnteraction/ Plnteraction 4.87/0.009

Note: PLA2R, phospholipase A2 receptor; Fme, F-value of the time factor; F F-value of the group factor; Fmram", F-value of

the interaction between groups factor and time factor; P.

Time!

group 1, intervention group 2, and the control
group, respectively. The efficacy of interven-
tion group 1 was significantly higher than that
of the other two groups (P<0.05).

Comparison of PLA2R among the three groups

PLA2R levels among the three groups are
shown in Table 3. There were no statistically
significant differences in baseline PLA2R le-
vels among the three groups (P>0.05). After
treatment, PLA2R levels in intervention group
1 were significantly lower than those in inter-
vention group 2 and the control group (P<
0.05), indicating a significant inter-group effect.
Additionally, all three groups showed a de-
crease in PLA2R levels after treatment, indicat-
ing a significant time effect (P<0.05). More-
over, a significant interaction between time and
group was also found (P<0.05).

Comparison of renal function indicators
among the three groups

Renal function indicators (24-hour urine pro-
tein, BUN, SCr, and ALB) are shown in Table 4
and Figure 2. There were no statistically sig-
nificant differences in baseline levels among
the three groups (all P>0.05). After treatment,
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, P-value of the time factor; P
P-value of the interaction between groups factor and time factor.

Group’

o P-value of the group factor; P

Grou Interaction”

intervention group 1 exhibited significantly low-
er levels of 24-hour urine protein, BUN,
and SCr, but higher ALB levels, compared to
both intervention group 2 and the control group
(all P<0.05), indicating a significant group
effect. Furthermore, all three groups showed
decreased levels of 24-hour urine protein, BUN,
and SCr, alongside increased ALB levels after
treatment, demonstrating a significant time
effect (all P<0.05). A significant interaction
between time and group was also identified
(P<0.05).

Comparison of inflammatory indicators among
the three groups

hs-CRP, IL-6, and CXCL13 levels are shown in
Table 5. There were no statistically significant
differences in baseline levels among the three
groups (all P>0.05). After treatment, interven-
tion group 1 exhibited significantly lower levels
of hs-CRP, IL-6, and CXCL13 compared to both
intervention group 2 and the control group, in-
dicating a group effect (all P<0.05). Moreover,
all three groups showed a reduction in these
inflammatory markers after treatment, indicat-
ing a time effect (P<0.05). A significant inte-
raction between time and group was identified
(P<0.05).
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Table 4. Comparison of kidney function indicators among the three groups (X =sd)

Indicator

Intervention Intervention

Control group

F

group 1 group 2

24 h urine protein (g/d)
Before therapy 6.041+0.51 6.07+0.53 6.11+0.59 0.100 0.905
Following 3 months of therapy 3.51+0.44 4.21+0.46 4.98+0.51 123.041 <0.001
Following 6 months of therapy 1.37+0.36 1.71+0.41 1.97+0.48 18.004 <0.001

Frine/ Prime 3928.27/<0.001

Foroue/ Peroun 82.43/<0.001

Finteracton’ Piteraction 28.90/<0.001

BUN (mmol/L)
Before therapy 12.3742.31  12.2942.28  12.26+2.19 1118  0.329
Following 3 months of therapy 9.05+1.57 10.21+1.63 10.74+1.85 25.680 <0.001
Following 6 months of therapy 5.92+1.01 6.74+1.42 7.59+2.03 12.012 <0.001

Frine/ Prime 492.786/<0.001

Fsrour/ Porou 19.078/<0.001

Fineracton’ Piteraction 6.357/<0.001

SCr (umol/L)
Before therapy 208.35+36.42 207.92+36.03 207.57+35.75  0.857  0.426
Following 3 months of therapy 192.63+23.15 215.46+25.65 225.64+26.93 26.993 <0.001
Following 6 months of therapy 93.56+10.51 110.67+12.67 129.58+14.72 147524 <0.001

Fime/ Prime 2291.159/<0.001

Fsrour/ Perou 36.809/<0.001

F rieraction’ Prsteraction 10.073/<0.001

ALB (g/L)
Before therapy 22.6443.67  22.71+3.69 22.58+3.61 0431  0.650
Following 3 months of therapy 31.28+4.03 29.31+3.92 27.63+3.86 257932 <0.001
Following 6 months of therapy 39.94+4.71 36.31+4.60 34.0314.26 39.421 <0.001

Frime/ Prime 606.215/<0.001

Farous/ Porou 37.168/<0.001

F teraction’ Pinteraction 10.109/<0.001

Note: BUN, blood urea nitrogen; SCr, serum creatinine; ALB, albumin; F.
F-value of the interaction between groups factor and time factor; Pline
P-value of the interaction between groups factor and time factor.

factor; F, )
Interaction
the group factor; P

Interaction

Comparison of urinary immune indicators
among the three groups

IgG4 and C5b-9 levels are shown in Table 6.
There were no statistically significant diffe-
rences in baseline levels among the three
groups (both P>0.05). After treatment, inter-
vention group 1 demonstrated a more signifi-
cant reduction in both markers compared to
intervention group 2 and the control group,
indicating a group effect (both P<0.05). Fur-
thermore, all groups exhibited a decline in
IgG4 and C5b-9 levels over time, indicating a
time effect (both P<0.05). A significant interac-
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F-value of the time factor; FGroup F-value of the group
P-value of the time factor; PGroup P-value of

Time

tion between time and group was observed
(P<0.05).

Comparison of quality of life among the three
groups

SF-36 scores are shown in Table 7. There were
no statistically significant differences in base-
line SF-36 scores among the three groups
(P>0.05). After treatment, intervention group
1 demonstrated greater improvement in SF-36
scores compared to both intervention group 2
and the control group, indicating a group ef-
fect (P<0.05). While scores increased in all
groups over time, indicating a time effect (P<

Am J Transl Res 2026;18(7):5688-5703
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Figure 2. The trend of changes in renal function indicators for the three groups of patients (A) 24-hour urine protein;
(B) BUN; (C) SCr; (D) ALB. Note: BUN, blood urea nitrogen; SCr, serum creatinine; ALB, albumin.

0.05), a significant interaction between time
and group was observed (P<0.05).

Comparison of adverse reaction occurrence
among the three groups

Adverse reactions are summarized in Table 8.
Among the three groups, the majority of ad-
verse reactions were mild to moderate in se-
verity (grade 1 or 2). No grade 3 or 4 adverse
events were observed in any group. The total
incidence rate was 8.57% in intervention group
1, compared to 7.14% in both intervention

5696

group 2 and the control group. No statistically
significant difference in the overall incidence
of adverse reactions was observed among the
groups (P>0.05).

Multivariate logistic regression analysis of
therapeutic effects in patients with moderate
to high-risk idiopathic membranous nephropa-
thy

Taking clinical efficacy as the dependent vari-

able (with “effective” coded as 1 and “ineffec-
tive” coded as 0), and using treatment regimen

Am J Transl Res 2026;18(7):5688-5703
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Table 5. Comparison of inflammatory indicators among the three groups (X £sd)

Intervention Intervention

Indicator group 1 group 2 Control group F P

hs-CRP (mg/L)
Before therapy 15.71+3.51 15.75+3.54 15.78+3.61 0.062 0.940
Following 3 months of therapy 10.62+2.48 11.95+2.61 12.62+2.91 53.920 <0.001
Following 6 months of therapy 5.32+1.73 6.27+1.81 7.54+2.16 28.693 <0.001

Frime/ Prime 663.671/<0.001

Fsrous’ Parou 22.405/<0.001

Feraction’ Prteraction 19.832/<0.001

IL-6 (pg/mL)
Before therapy 33.5448.51 33.321+8.42 33.15+8.41 2.259 0.107
Following 3 months of therapy 21.45+5.61 25.1615.83 27.18+6.02 25.350 <0.001
Following 6 months of therapy 90.26+2.63 11.46+£3.21 13.18+3.63 36.204 <0.001

Frime/ Prime 478.875/<0.001

Fsrous Parou 9.713/<0.001

Feraction’ Prteraction 9.599/<0.001

CXCL13 (pg/mL)
Before therapy 89.24+17.35 89.15+17.27 89.17+17.21 0.015 0.985
Following 3 months of therapy 54.17+12.63 61.58+13.84 66.94+13.97 26.129 <0.001
Following 6 months of therapy 25.76+7.57 33.47+8.59 39.35+9.56 37.834 <0.001

Frime/ Prime 880.850/<0.001

Fsrous’ Paroup 27.781/<0.001

Feraction’ Prteraction 6.005/<0.001

Note: hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; CXCL13, C-X-C motif chemokine ligand 13; F.
F-value of the group factor; F
P-value of the group factor; P

time factor; F,
roup

ue of the time factor; P

Table 6. Comparison of urine immune indicators among the three groups (X £sd)

Interaction

Interaction

F-value of the

Time

F-value of the interaction between groups factor and time factor; P,

P-val-

Time

P-value of the interaction between groups factor and time factor.

Intervention Intervention

Indicator group 1 group 2 Control group F P

18G4 (ug/mmol)
Before therapy 15.63+2.46 15.57+2.38 15.26+2.34 0.960 0.385
Following 3 months of therapy 6.47+1.41 8.45+1.79 9.67+1.95 39.189 <0.001
Following 6 months of therapy 1.26+0.26 2.65+0.63 3.25+0.83 138.001 <0.001

Frine/ Prime 2884.481/<0.001

Fsrous Parou 41.468/<0.001

Flnteract\or/Plnteraction 7816/<0001

C5b-9 (ng/mg)
Before therapy 85.48+11.74 85.27+11.65 84.96+£11.23 0.634 0.531
Following 3 months of therapy 61.83+10.64 70.84+£11.35 74.85+11.08 14.294 <0.001
Following 6 months of therapy 42.65+9.23 51.61+10.35 58.95+10.86 66.635 <0.001

Frime/ Prime 518.472/<0.001

Fsrous’ Paroup 49.362/<0.001

Flnteracnor/Plnteraction 11'112/<O'001

Note: 1gG4, immunoglobulin G4; C5b-9 membrane attack complex; F.
F-value of the interaction between groups factor and time factor; P.
P-value of the interaction between groups factor and time factor.

tor; Flnteraction
group factor; P

Interaction
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Table 7. Comparison of quality of life among the three groups (X £sd)

Intervention Intervention

Indicator group 1 group 2 Control group F P
SF-36 (score)
Before therapy 57.26+5.14 56.87+5.18 56.6315.07 1.537 0.218
Following 3 months of therapy 78.57+6.05 68.851+5.96 63.58+5.76 121.448 <0.001
Following 6 months of therapy 89.931+6.93 81.84+6.42 74.85+6.27 68.391 <0.001
Frime/ Prime 814.337/<0.001
Fsrou/ Parous 145.508/<0.001

30.159/<0.001

Interact\on/ Interaction
Note: SF-36, short form 36 health survey; F, _ F-value of the time factor; F,_ ~ F-value of the group factor; F .. F-value of

the interaction between groups factor and time factor; P, P-value of the time factor; P, P-value of the group factor; P,

Time ? " Group

P-value of the interaction between groups factor and time factor.

Interaction

Table 8. Comparison of adverse reactions occurrence in the three groups of patients (n, %)

Intervention Intervention Control

Degree Type of adverse reaction group 1 group 2 aroup X2 P
Grade 1 Hair loss 0 (0.00) 1(1.43) 0 (0.00)
Nausea 2 (2.86) 1(1.43) 2 (2.86)
Vomiting 1(1.43) 1(1.43) 0 (0.00)
Fever 1(1.43) 0 (0.00) 1(1.43)
Infection 0 (0.00) 0 (0.00) 0 (0.00)
Liver function impairment 0 (0.00) 0 (0.00) 0 (0.00)
Gastrointestinal reactions 1(1.43) 1(1.43) 1(1.43)
Grade 2 Hair loss 0 (0.00) 0 (0.00) 0 (0.00)
Nausea 0 (0.00) 0 (0.00) 0 (0.00)
Vomiting 0 (0.00) 0 (0.00) 0 (0.00)
Fever 0 (0.00) 0 (0.00) 0 (0.00)
Infection 1(1.43) 0 (0.00) 1(1.43)
Liver function impairment 0 (0.00) 1(1.43) 0 (0.00)
Gastrointestinal reactions 0 (0.00) 0 (0.00) 0 (0.00)
Grade 3 - 0 (0.00) 0 (0.00) 0 (0.00)
Grade 4 - 0 (0.00) 0 (0.00) 0 (0.00)
Total incidence (n, %) 6 (8.57) 5(7.14) 5(7.14) 0.135 0.935

and general information as independent vari-
ables, a multivariate logistic regression analy-
sis was conducted. The results are shown in
Table 9. The findings revealed that after adjust-
ing for various baseline confounding factors
such as age, disease duration, and comorbidi-
ties, the rituximab treatment regimen (com-
pared with the control group) was an indepen-
dent factor associated with better therapeu-
tic effects (OR=3.851, 95% Cl: 1.325-11.196,
P=0.013), while the included baseline data
were not independent influencing factors, and
the tacrolimus regimen also did not show an
independent association (OR=1.185, P=0.680).
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Subgroup analysis forest plot of the efficacy
of three treatment methods for moderate to
high-risk idiopathic membranous nephropathy
patients in different populations

Subgroup analysis of efficacy differences am-
ong various treatment regimens for patients
with different characteristics is shown in Figure
3. The results of the subgroup analysis forest
plot indicate that the efficacy of the RTX+MP
treatment regimen was consistently superior to
that of the MP regimen in all subgroups (diabe-
tes, hypertension, eGFR, and PLA2R antibody);
while the TAC+MP regimen showed no statisti-
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Table 9. Multivariate logistic regression analysis of therapeutic effects in patients with moderate and

high-risk idiopathic membranous nephropathy

Indicators B SE Wald x? OR 95% Cl p
Gender (n, %) 0.115 0.063 3.332 1.122 0.992-1.270 0.067
Age -0.051 0.047 1.477 0.950 0.865-1.043 0.278
Disease course 0.033 0.080 0.170 1.034 0.883-1.210 0.679
BMI 0.098 0.060 2.668 1.103 0.980-1.241 0.102
Diabetes 0.988 0.689 2.056 2.688 0.696-10.366 0.152
Hypertension -0.095 0.519 0.034 0.909 0.330-2.514 0.855
White blood cell 0.250 0.134 3.481 1.284 0.987-1.670 0.063
Hemoglobin 0.010 0.008 1.563 1.010 0.994-1.026 0.211
Platelet -0.001 0.002 0.250 0.999 0.995-1.003 0.617
eGFR 0.971 0.619 2.461 2.640 0.785-8.870 0.116
PLA2R antibody -0.587 0.596 0.970 0.556 0.172-1.788 0.325
Fasting blood glucose 0.135 0.166 0.661 1.144 0.827-1.584 0.416
Glycated hemoglobin -0.064 0.274 0.055 0.938 0.548-1.605 0.815
B-cell reconstitution within 6 months -0.007 0.078 0.225 0.993 0.852-1.157 0.929
B-cell reconstitution within 12 months -0.226 0.476 0.225 0.798 0.314-2.028 0.635
Previous treatments 0.441 0.297 2.205 1.555 0.868-2.781 0.138
Concomitant medications 0.031 0.037 0.702 1.032 0.959-1.109 0.402
Treatment method 6.402 0.041
rituximab 1.348 0.544 6.141 3.850 1.325-11.180 0.013
tacrolimus 0.169 0.412 0.168 1.184 0.527-2.654 0.682
Subgroup MP  RTX+MP TAC+MP Treatment method RTX+MP Treatment method TAC+MP P for interaction
No. of events/ No. of total OR (95%CI) ' OR (95%CI) '
All 54770 65/70 56/70 3.85(1.33 ~11.20) E — 1.19 (0.53 ~ 2.66) }—‘:“‘—*
Diabetes i 0.961
No 39/51  46/50 41/52 3.54 (1.06 ~ 11.86) I 1.15 (0.45 ~ 2.90) L —
Yes 15/19  19/20 15/18 5.07 (0.51 ~ 50.21) I—:—b 1.33 (0.25 ~ 7.01) l—%—'—’
Hypertension H ] 0.956
No 21726 22/23 21/25 5.24 (0.56 ~ 48.64) }—:—» 1.25 (0.29 ~ 5.31) }—:L.—»
Yes 33/44 43147 35/45 3.58 (1.05 ~ 12.27) ——  L17(044-3.1D e
eGFR ! ! 0.254
<60 1314 2123 1418 0.81 (0.07 ~ 9.82) e 0.27(0.03~273) e
260 41/56  44/47 42/52 5.37 (1.45 ~ 19.90) H 1.54 (0.62 ~ 3.81) e m—
PLA2R antibody 0.531
No 8/9 9/10 9/12 1.12 (0.06 ~ 21.08) e 0.38 (0.03 ~ 4.37) [
Yes 46/61  56/60 47/58 4.57 (1.42 ~ 14.71) ©b— 139058 - 3.35) r——-—»
0 1 2 0 1 2
OR (95%CI) OR (95%CTI)

Figure 3. Subgroup analysis forest plot of the efficacy of three treatment methods for moderate-high risk idiopathic
membranous nephropathy patients in different populations. Note: MP, Methylprednisolone; RTX, Rituximab; TAC,

Tacrolimus.

cally significant difference in efficacy compared
to the MP regimen in all populations and sub-
groups. Moreover, the P values for interaction
effects in all subgroup analyses were not statis-
tically significant, indicating that the pattern of
the above efficacy advantages was basically
consistent across different patient subgroups,
and no factors were found to significantly alter
the efficacy differences between the two com-
bination regimens and the MP regimen.
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Discussion

The treatment of IMN focuses on suppressing
pathogenic antibody production through immu-
nosuppression, thereby delaying disease pro-
gression and preserving renal function [18]. For
patients with moderate to high-risk IMN, simple
supportive treatment or monotherapy with glu-
cocorticoids often fails to achieve the desired
remission rate [19, 20]. Therefore, combination
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treatment regimens have become the focus of
clinical exploration. This study, through a pro-
spective randomized controlled design, com-
pared the efficacy of rituximab plus methyl-
prednisolone versus tacrolimus plus methyl-
prednisolone in patients with moderate to high-
risk IMN. The results showed that the rituxi-
mab combination regimen demonstrated sig-
nificant advantages in inducing clinical remis-
sion, improving renal function, inhibiting inflam-
mation and immune responses, and enhanc-
ing quality of life, without increasing the risk of
adverse reactions.

In terms of overall therapeutic efficacy, this
study found that the rituximab-based regimen
was superior to both the tacrolimus-based re-
gimen and methylprednisolone monotherapy.
This result is similar to those of previous stud-
ies [21]. This is likely because rituximab is a
monoclonal antibody targeting B cells, which
can eliminate CD20* B cells that produce au-
toantibodies (such as anti-PLA2R antibodies)
at the source, potentially inducing deeper and
more sustained immune remission [22]. Al-
though tacrolimus can rapidly inhibit T cell ac-
tivation and podocyte damage, reducing pro-
teinuria, its efficacy may depend to some ex-
tent on continuous drug exposure, and there is
a risk of recurrence after discontinuation [23].

In terms of renal function indicators, this study
found that after receiving rituximab combined
with methylprednisolone, patients had lower
24-hour urine protein quantification, SCr, and
BUN compared to those treated with tacroli-
mus plus methylprednisolone or methylpred-
nisolone alone, while ALB levels were higher.
These results are consistent with those of pre-
vious studies [19, 24]. This indicates that ri-
tuximab has more obvious advantages in con-
trolling protein leakage, promoting recovery of
serum albumin, and stabilizing renal function.
This is because rituximab eliminates B cells
that produce pathogenic antibodies, inhibiting
the core immune process at its source, more
thoroughly reducing antibody levels, alleviating
glomerular damage, and continuously reducing
urine protein, increasing plasma albumin, and
improving renal function indicators (such as
serum creatinine and urea nitrogen) [25, 26].
In contrast, tacrolimus mainly acts by inhibiting
T cells and stabilizing podocytes, acting at a
downstream level, and is not thorough in elimi-
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nating the pathogenic root, so its long-term
improvement effect on renal function is rela-
tively limited [27].

In terms of inflammatory indicators and urinary
immune indicators, this study found that after
receiving rituximab combined with methylpred-
nisolone, patients had lower levels of hs-CRP,
IL-6, CXCL13, 1gG4, and C5b-9 compared to
those treated with tacrolimus plus methylpred-
nisolone or methylprednisolone alone. These
results are similar to those of a previous study
[11]. This indicates that rituximab treatment
has a more powerful and extensive inhibitory
effect on the core immunopathological pro-
cesses of idiopathic membranous nephropa-
thy. This is because rituximab can specifically
target and eliminate CD20* B cells, not only
reducing the production of pathogenic antibo-
dies (affecting I1gG4) at the source, but also sig-
nificantly weakening the activation of the com-
plement terminal pathway (reducing C5b-9),
and directly inhibiting B cell-related inflamma-
tory signals (such as the B cell chemokine
CXCL13 and the pro-inflammatory cytokine
IL-6), thereby achieving in-depth regulation of
the humoral immune system and the inflam-
matory network [28, 29]. In contrast, tacrolim-
us can effectively inhibit T cell activation and
podocyte damage but has limited effects on
plasma cell formation and autoantibody pro-
duction [30].

In terms of quality of life, this study revealed
that patients treated with rituximab combin-
ed with methylprednisolone had higher SF-36
scores than those treated with tacrolimus com-
bined with methylprednisolone or methylpred-
nisolone alone. This result is similar to those of
previous studies. This is because the rapid and
sustained clinical remission brought by ritux-
imab treatment directly improved the physio-
logical functions and physical sensations of
the patients [31]; in addition, its efficient the-
rapeutic effect enhanced patients’ confidence
in treatment, reduced the psychological burden
caused by the disease, and thus comprehen-
sively elevated patients’ quality of life in multi-
ple dimensions such as physiological function
and mental health [32].

Regarding the occurrence of adverse reactions,
this study found that adverse reactions in all
three groups were mild to moderate, and the
combination therapy of rituximab and methyl-
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prednisolone was not associated with a great-
er risk of adverse reactions. This is because
rituximab has a high degree of B-cell targeting,
and its mechanism of action is more precise
compared to traditional immunosuppressants,
avoiding extensive cytotoxic side effects [33].
At the same time, standardized premedication
and infusion management effectively prevent-
ed acute infusion reactions, and during the
study period, close monitoring of indicators
such as blood counts and liver function was
conducted to ensure the safety of short-term
medication [34]. However, the long-term safety
of rituximab still requires longer follow-up for
assessment.

Furthermore, considering potential confound-
ing bias among patients, this study further
employed a multivariate logistic regression mo-
del to adjust for factors such as age, diabetes,
baseline eGFR, hypertension, disease duration,
and PLA2R antibody titer. After these adjust-
ments, it was confirmed that the rituximab
combination regimen is an effective treatment,
a factor contributing to the reduction in urinary
protein and the increase in serum albumin. This
eliminated the interference of baseline differ-
ences on the conclusion, making the results
more reliable. In subgroup analysis, the effi-
cacy of rituximab combination therapy remain-
ed consistent across patients with different
clinical characteristics (such as whether they
had diabetes or hypertension), which provides
a basis for its application in a wide range of
populations and enhances the generalizability
and clinical applicability of the research con-
clusions.

In conclusion, after adjusting for age, diabetes,
baseline estimated glomerular filtration rate,
and related confounding factors, rituximab
combined with methylprednisolone in the treat-
ment of patients with moderate to high-risk
IMN can effectively improve treatment out-
comes, enhance renal function, inhibit inflam-
mation and immune responses, improve pa-
tients’ quality of life without increasing short-
term adverse event risk, and is applicable to a
wide range of patients. Nevertheless, as a sin-
gle-center study, this research has several limi-
tations. First, the follow-up period was rela-
tively short, precluding assessment of long-
term remission rates, relapse rates, and renal
prognosis with the two regimens. Second, as a
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single-center study, the generalizability and
robustness of the conclusions require further
validation. Third, the study lacked pre-specified
subgroup analyses (e.g., based on baseline
eGFR or PLA2R antibody titers), limiting the
ability to identify which patient subgroups mi-
ght benefit most from a particular regimen.
Fourth, the study design did not include a tri-
ple-therapy arm (rituximab plus tacrolimus plus
methylprednisolone); therefore, the potential
synergy or safety profile of such a combination
remains unexplored. Future research should
involve multicenter collaboration, extend the
follow-up period, and further evaluate the long-
term efficacy and safety of these treatments.

Acknowledgements

We are appreciative to the medical staff of The
Binzhou People’s Hospital for their support and
help. We would also like to thank all the partici-
pants in this study.

Disclosure of conflict of interest
None.

Address correspondence to: Weiwei Li, Depart-
ment of Nephrology, Binzhou People’s Hospital,
No. 707, Huanghe 15th Road, Binzhou District,
Binzhou 256600, Shandong, China. E-mail: liwei-
wei395813208@126.com

References

[1] LiuY, Ma X, Yu M and Zhou X. Renal tubuloint-
erstitial lesions: a prognostic marker in idio-
pathic membranous nephropathy. Ren Fail
2025; 47: 2501379.

[2] Musone D, Nicosia V, D’Alessandro R, Andrietti
M, Steri PF, Ruosi C, Giuliana S, Elefante C,
Cuccurullo P and Treglia A. Therapeutic plas-
mapheresis in idiopathic membranous ne-
phropathy anti-PLA2R-related: a case series. J
Clin Apher 2024; 39: €22134.

[3] Li X, Shen Y, Li Y, Ma L and Sun Q. Clini-
copathological characteristics and outcomes
of PLA2R related idiopathic membranous ne-
phropathy in patients with seronegative PLA2R
antibodies. Ren Fail 2024; 46: 2297015.

[4] Cortazar FB, Leaf DE, Owens CT, Laliberte K,
Pendergraft WF 3rd and Niles JL. Combination
therapy with rituximab, low-dose cyclophos-
phamide, and prednisone for idiopathic mem-
branous nephropathy: a case series. BMC
Nephrol 2017; 18: 44.

Am J Transl Res 2026;18(7):5688-5703


mailto:liweiwei395813208@126.com
mailto:liweiwei395813208@126.com

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

Rituximab versus tacrolimus regimens for high-risk membranous nephropathy

Vink CH, Wetzels JFM and Logt AV. Combina-
tion therapy with rituximab and low-dose cyclo-
phosphamide and prednisone in membranous
nephropathy. Kidney Int Rep 2024; 9: 3439-
3445,

Che H, Li L, Zhao B, Hu L, Xiao L, Liu P, Liu S
and Hou Z. Asperuloside alleviates cyclophos-
phamide-induced myelosuppression by pro-
moting AMPK/mTOR pathway-mediated au-
tophagy. J Biochem Mol Toxicol 2024; 38:
e23641.

Hari Priya B, Ramya B, Bora S, Shivakumar P,
Rohan A, Vagdevi T and Amoolya Rao A. Miti-
gating cyclophosphamide-associated gonado-
toxicity in male Wistar rats: exploring the thera-
peutic potential of hesperidin. Front Vet Sci
2024; 11: 1376225.

Huda T, Hussain F, Mani H, Gheith SM and
Skandan S. Rituximab-associated liver toxicity
without known viral reactivation. Cureus 2024;
16: e64331.

Jin'Y, Xie Y, Fu H, Liu F and Mao J. Anti-B cell
strategy in nephrotic syndrome: beyond ritux-
imab. Biomedicines 2025; 13: 2063.
Eftekharian K, Najafi E, Amizadeh M, Mokari N,
Faramarzi M, Izadparast Y, Jabbari Moghadam
Y and Eftekharian A. Comparison between in-
tratympanic injection of dexamethasone and
methylprednisolone in idiopathic sudden sen-
sorineural hearing loss: a randomized clinical
trial. Laryngoscope Investig Otolaryngol 2024;
9:e70054.

Chen P, Mao M, Wang C, Zhang X, Zhao X, Gao
Y, Luo Y and Zhou Y. Preliminary study on the
efficacy of rituximab in the treatment of idio-
pathic membranous nephropathy: a single-
centre experience. Front Endocrinol (Laus-
anne) 2023; 14: 1044782.

Hu LL, Zhang D, Zhou J, Zhang S, Lin FJ and Ji-
ang GR. Efficacy and safety evaluation of tacro-
limus monotherapy in the treatment of idio-
pathic membranous nephropathy. J Shanghai
Jiaotong Univ 2022; 42: 1685-1692.

Swarnim S, Ghorui A, Kumar S, Batra V, Sen-
gupta S and Kumar CM. Podocyte infolding
glomerulopathy in a school-aged child. Pediatr
Nephrol 2025; 40: 2501-2504.

Phan PH, Hoang CN, Nguyen HTT, Cao TV,
Le CQ and Tran DM. Comparison of methyl-
prednisolone alone versus intravenous immu-
noglobulin plus methylprednisolone for multi-
system inflammatory syndrome in children
(MIS-C). BMJ Paediatr Open 2025; 9: e003148.
Vidal-dos-Santos M, Anunciacao LF, Armstrong
R Jr, Ricardo-da-Silva FY, Ramos IYT, Correia
CJ, Moreira LFP, Leuvenink HGD and Bre-
ithaupt-Faloppa AC. Association of 17[-estra-
diol and methylprednisolone protects female

5702

(16]

(17]

[20]

[22]

(23]

(24]

kidneys from brain death induced inflamma-
tion. Eur J Pharmacol 2025; 1007.

Rovin BH, Adler SG, Barratt J, Bridoux F, Burdge
KA, Chan TM, Cook HT, Fervenza FC, Gibson
KL, Glassock RJ, Jayne DRW, Jha V, Liew A, Liu
ZH, Mejia-Vilet JM, Nester CM, Radhakrishnan
J, Rave EM, Reich HN, Ronco P, Sanders JSF,
Sethi S, Suzuki Y, Tang SCW, Tesar V, Vivarelli
M, Wetzels JFM, Lytvyn L, Craig JC, Tunnicliffe
DJ, Howell M, Tonelli MA, Cheung M, Earley A
and Floege J. Kdigo 2021 clinical practice
guideline for the management of glomerular
diseases. Kidney Int 2021; 100: S1-S276.
Lins-Kusterer L, Valdelamar J, Aguiar CVN,
Menezes MS, Netto EM and Brites C. Validity
and reliability of the 36-item short form health
survey questionnaire version 2 among people
living with HIV in Brazil. Brazilian J Infect Dis
2019; 23: 313-321.

Yang Y, Zhang Y, Zhang R, Li M, Wan H, Yan W,
Luo K, Huang Q, Ren D and Xu G. Evaluation
of immunotherapy for idiopathic membranous
nephropathy based on risk stratification and
pathological stage. Eur J Pharmacol 2025;
1000: 177739.

Shimizu S, Tanaka A, Matsuyama N, Kinoshita
F, Furuhashi K and Maruyama S. Randomised,
double-blind study to evaluate the efficacy of
rituximab in the treatment of idiopathic mem-
branous nephropathy: a clinical trial protocol.
PLoS One 2025; 20: e0320070.

Ahsan MU, Tabassum A, Naseem K and Zahid
IB. Obinutuzumab: a new frontier in the treat-
ment of refractory idiopathic membranous ne-
phropathy. Int Urol Nephrol 2025; 57: 3075-
3076.

Guo K, Zhu H, Xu X, Huang L, Li H and Li X. Ef-
ficacy and safety of a B-cell-driven rituximab
regimen for the treatment of refractory idio-
pathic membranous nephropathy. BMC Phar-
macol Toxicol 2025; 26: 131.

Boyer-Suavet S, Andreani M, Lateb M, Saven-
koff B, Brglez V, Benzaken S, Bernard G, Nach-
man PH, Esnault V and Seitz-Polski B. Neutral-
izing anti-rituximab antibodies and relapse in
membranous nephropathy treated with ritux-
imab. Front Immunol 2019; 10: 3069.

Chen CC, Hung TM, Huang YJ, Hung HS, Hu
CM and Lee PH. Tacrolimus regulates extracel-
lular vesicle secretion from T cells via autopha-
gy-lysosomal pathway. Biomed Pharmacother
2025; 182: 117765.

Katsuno T, Ozaki T, Kim H, Kato N, Suzuki Y,
Akiyama S, Ishimoto T, Kosugi T, Tsuboi N, Ito Y
and Maruyama S. Single-dose rituximab thera-
py for refractory idiopathic membranous ne-
phropathy: a single-center experience. Intern
Med 2017; 56: 1679-1686.

Am J Transl Res 2026;18(7):5688-5703



[25]

[26]

[27]

(28]

[29]

[30]

Rituximab versus tacrolimus regimens for high-risk membranous nephropathy

Delrue M, Baylatry MT, Joly AC, Corre E, Marja-
novic Z, EI-Khoury-Hanna N, Féger F, Suner L,
Veyradier A, Stépanian A and Coppo P. Efficacy
of subcutaneous preemptive rituximab in im-
mune-mediated thrombotic thrombocytopenic
purpura: experience from the first 12 cases.
Am J Hematol 2021; 96: E26-E29.

Onuora S. B cells guide rituximab use in AAV
remission. Nat Rev Rheumatol 2024; 20: 67-
67.

Cuarental L, Valino-Rivas L, Mendonga L, Sal-
eem M, Mezzano S, Sanz AB, Ortiz A and San-
chez-Nino MD. Tacrolimus prevents TWEAK-in-
duced PLA2R expression in cultured human
podocytes. J Clin Med 2020; 9: 2178.

Carden MA, Gaddh M, Hoskote A, Brown M,
Merrill V, Stowell SR, Chandrakasan S, Antun
A, Kudchadkar R, Kotanchiyev S, Jaye DL and
Bodod I. Rituximab leads to early elimination of
circulating CD20+ T and B lymphocytes in pa-
tients with iTTP despite ongoing TPEXx. Blood
Adv 2020; 4: 477-481.

Rojas-Rivera JE, Hasegawa T, Fernandez-
Juarez G, Praga M, Saruta Y, Fernandez-Fer-
nandez B and Ortiz A. Prognostic and thera-
peutic monitoring value of plasma and urinary
cytokine profile in primary membranous ne-
phropathy: the STARMEN trial cohort. Clin Kid-
ney J 2024; 17: sfae239.

Park JS, Kim SM, Hwang SH, Choi SY, Kwon JY,
Kwok SK, Cho ML and Park SH. Combina-
tory treatment using tacrolimus and a STAT3
inhibitor regulate Treg cells and plasma cells.
Int J Immunopathol Pharmacol 2018; 32:
2058738418778724.

5703

(31]

(32]

(33]

[34]

Brinar 1V, Stanusic |, Ivandic E, Prlic MF, Bu-
limbasic S, Coric M, Kurtov K, Kos J, Jelakovic
A and Jelakovic B. Treatment naive membra-
nous nephropathy patients treated with ritux-
imab in COVID19 era. Nephrol Dial Transplant
2024; 39: 1629-1629.

Gong |, Cheung M, Chan K, Arya S, Faught N,
Liu N, Odejide 00, Abel GA, Raphael M, Prica A,
Booth C, Kuczmarski TM and Mozessohn L. In-
cidence of mental health events and its asso-
ciation with survival among patients with dif-
fuse large B-cell lymphoma: a population-based
cohort study. Blood 2021; 138: 1969.

Zhou S, Wu D, Yin X, Jin X, Zhang X, Zheng S,
Wang C and Liu Y. Intracellular pH-responsive
and rituximab-conjugated mesoporous silica
nanoparticles for targeted drug delivery to lym-
phoma B cells. J Exp Clin Cancer Res 2017; 36:
24,

Fumery M, Tilmant M, Yzet C, Brazier F, Loreau
J, Turpin J, Le Mouel JP, Goeb V, Nguyen-Khac
E, Singh S, Dupas JL and Diouf M. Premedica-
tion as primary prophylaxis does not influence
the risk of acute infliximab infusion reactions
in immune-mediated inflammatory diseases: a
systematic review and meta-analysis. Dig Liver
Dis 2019; 51: 484-488.

Am J Transl Res 2026;18(7):5688-5703



