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Abstract

Background: Minimal change disease is a common cause of nephrotic syndrome in adults. Higher relapse rate put
patients at risk of steroids toxicity due to long-term exposure. Rituximab has been suggested to maintain long time
remission and withdraw steroids and other immunosuppressants with fewer adverse events. However, optimal dose
and dosing interval have not been explored.

Methods: Twenty-five patients were enrolled from 2017-10 to 2020-03 in Nanfang Hospital in China. Clinical and
biological data were extracted from medical records and laboratory databases. Therapy composed of 375mg/m2

rituximab once three weeks for 3 dose and corticosteroid was applied. Complete remission was defined as
reduction of proteinuria to 0.3g/d. Remission rate, relapse rate, steroids used before and after rituximab therapy and
adverse effects were documented at a mean time of 14.71 months.

Results: Twenty-two patients achieved complete remission for an average of 3.26 months and only 3 patients
experienced one relapse respectively during the follow-up period. The mean remission maintenance time was 11.6
months, and was 5 months after steroids withdrawal. Steroids dose at last follow-up was 6.09mg/d, which was
significantly reduced compared to 28.15mg/d before rituximab. Relapse rate before and after rituximab was 1.43
and 0.1, respectively. Only four minor adverse events were recorded.

Conclusions: Therapy consisted of 375mg/m2 rituximab once three weeks for 3 dose combined with corticosteroid
is effective in inducing remission in adult patients with minimal change disease. Both of the relapse rate and dose
of steroids used are significantly decreased with fewer side effects.

Keywords: Rituximab, Minimal change disease, Adult, Steroids

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: nfyywanggb@163.com; aij1980@163.com
†Diankun Liu and Zhanmei Zhou contributed equally to this work.
1National Clinical Research Center for Kidney Disease, Guangdong Provincial
Clinical Research Center for Kidney Disease, Nanfang Hospital, Southern
Medical University, Guangzhou, China
Full list of author information is available at the end of the article

Liu et al. BMC Nephrology          (2021) 22:242 
https://doi.org/10.1186/s12882-021-02437-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-021-02437-4&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:nfyywanggb@163.com
mailto:aij1980@163.com


Background
Minimal change disease (MCD) is a major cause of
nephrotic syndrome (NS), presented as heavy protein-
uria and hypoalbuminemia. It is diagnosed by the ab-
sence of glomerular lesions on light microscopy,
negative immunofluorescence and extensive podocyte
foot process effacement on electron microscopy in
renal biopsy. MCD contributes to 70-90% of children
> 1 year of age with idiopathic NS. While the propor-
tions, decreasing with age, is about 10-15% in adult
patients [1–3]. Corticosteroids including prednisone
and methylprednisolone are the primary treatment
regimen used at disease onset. Although most of the
adult patients respond well to steroid treatment and
the long-term prognosis is excellent with remission
rate of 75-95% [4], longer remission time, higher ten-
dency to relapse and higher incidence of acute kidney
injury when compared with children, as well as no
consensus on the optimal dose and duration of ther-
apy, put adults at risk of prolonged exposure of ste-
roids and other immunosuppressive agents [5, 6].
Rituximab (RTX) is a chimeric monoclonal antibody,

inhibiting CD20-mediated B-cell proliferation and differ-
entiation, which was originally developed to treat B cell
non-Hodgkin’s lymphoma [7]. It was firstly introduced
to treat steroid-dependent nephrotic syndrome (SDNS)
in 2004, when a child diagnosed with idiopathic throm-
bocytopenic purpura (ITP) and NS received RTX ther-
apy and achieved remission [8]. Since then, more and
more studies have proven the efficacy of RTX use in
MCD about inducing remission, reducing relapse rate,
providing long-term remission off steroids or other im-
munomodulatory drugs [9–17]. RTX also showed a fa-
vorable long-term safety profile compared to traditional
therapy, with lower incidence of infection, no risk of
metabolic disorder such as glucose intolerance or osteo-
porosis, and no impact on the reproductive system. The
major side effects consisted of infusion-related reaction,
HBV reactivation in HBsAg-negative/HBcAb-positive
patients and rarely pneumocystis jirovecii pneumonia
(PCP) and progressive multifocal leukoencephalopathy
(PML) [18].
However, most of the investigation focused on MCD

in children. There are only a few retrospective, observa-
tional studies regarding RTX use in adult patients [19–
30]. In these limited literatures, initial RTX dosage is
quite different not only between researches but also in
the same article, which makes comparison between dif-
ferent therapeutic strategies impossible. Moreover, some
studies have implicated that the serum level of RTX in
patients with nephrotic syndrome is lower than that of
patients in other disease like rheumatoid arthritis (RA)
[31] probably due to the loss of RTX in the urine. Thus,
it is crucial to find the optimal dose of RTX in adult

MCD, which combines the maximum remission dur-
ation with minimal side effects.
In the current analysis, we aim to evaluate the efficacy

of a regimen of 3 applications of 375mg/m2 dose of RTX
three weeks apart together with steroids in adult patients
with biopsy-proven MCD, and to show the relapse rate
and discontinuation or tapering of steroids during the
follow-up period after RTX therapy.

Methods
Study population and clinical characteristics
Twenty-five adult patients (age > 18 years old) with
biopsy-proven MCD were recruited in this study from
2017-10 to 2020-03 at the Department of Nephrology
at Nanfang Hospital in China. One patient was ex-
cluded because of exacerbation of pruritus after first
infusion of RTX. In the remaining 24 patients, previ-
ous medical history of every participant had been
reviewed to define the clinical subtype of MCD:
steroid-dependent nephrotic syndrome (SDNS),
steroid-resistant nephrotic syndrome (SRNS), infre-
quently relapsing nephrotic syndrome (IRNS) and fre-
quently relapsing nephrotic syndrome (FRNS). SDNS
was defined as relapse during steroid therapy or with
15 days of discontinuation. SRNS was defined as no
response to prednisone 1mg/kg per day or 2mg/kg
every other day within 16 weeks. Infrequently relaps-
ing nephrotic syndrome was defined as < 2 relapses
per 6 months or < 4 relapses per 12 months. Fre-
quently relapsing nephrotic syndrome was defined as
≥ 2 relapses per 6 months or ≥ 4 relapses per 12
months [3, 32].
We also obtained age at disease onset, previous im-

munosuppressive therapy, disease duration, relapse rate
from the medical history. Clinical data were obtained from
the medical records at admission, which consisted of age
at first RTX infusion, sex, comorbidities, current immuno-
suppressive regimen, the dosage of steroids before RTX
therapy and at last follow-up. Biological data were ob-
tained from the laboratory databases, including 24h urine
protein excretion, serum albumin, absolute count of
CD19+ B cell, serum creatinine and estimated glomerular
filtration rate (eGFR) estimated with Modification of Diet
in Renal Disease (MDRD) equation at the time of RTX
initiation, 3, 6, 9, 12, 20, 32, 44, 56 weeks after the first in-
fusion of RTX therapy and at last follow-up.
The study protocol was approved by the medical ethics

committee of Nanfang Hospital, Southern Medical Uni-
versity and is in accordance with the Declaration of
Helsinki.

Rituximab therapy
Patients received 375mg/m2 RTX treatment once three
weeks for 3 dose and corticosteroids which dose is
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maintained according to the last therapy. Before infu-
sion, loratadine was prescribed to lower the incidence of
infusion-related reaction. Infusion rate of RTX started at
20ml/hour, which was doubled after 30 minutes of infu-
sion if no infusion-related reaction happened, until
reaching the highest rate of 120ml/hour. Electrocardio-
gram monitor was used during the infusion period to
check the vital sign of patients. Patients were all treated
with trimethoprim-sulfamethoxazole (TMP-SMX) for a
week after infusion of RTX to prevent PCP.
Remission was defined according to 2012 KDIGO

(Kidney Disease Improving Global Outcomes) Clinical
Practice Guideline for Glomerulonephritis [32].
Complete remission (CR) was defined as reduction of
proteinuria to 0.3g/d, normal serum creatinine and
serum albumin > 35g/L; Partial remission (PR) was de-
fined as reduction of proteinuria to 0.3-3.5g/d and a de-
crease > 50% from baseline, and stable serum creatinine
(change in serum creatinine < 25%). Relapse was defined
as proteinuria > 3.5g/d after complete remission has
been obtained.

Statistical analyses
All study data were stored in a standard Excel database.
Statistical analysis was performed using SPSS version
20.0 for Windows (SPSS Inc., Chicago, IL, USA), Graph-
Pad version 8.3.0 (GraphPad Software, San Diego, CA)
and STATA version 15.0 for Mac (StataCorp LLC,
Texas, USA). All continuous variables were expressed as
mean or mean ± standard deviation (SD). Categorical
variables were presented as frequencies and percentages
[n(%)]. Differences between relapse and dosage of ste-
roids before and after RTX therapy were analyzed by t-
test for continuous variables and chi-square test or
Fisher exact tests, if appropriate for categorical variables.
Kaplan-Meier analysis was used to calculate the cumula-
tive incidence of complete remission. Longitudinal data
analyses were performed to illustrate the variation of
urinary protein, serum albumin and serum creatinine.
The value of P < 0.05 was considered statistically
significant.

Results
Patients characteristics and clinical parameters
We included 24 adult patients from 2017-10 to 2020-03
at the Department of Nephrology at Nanfang Hospital in
China. Baseline characteristics of study population were
presented in Table 1. The detailed information of each
patient was illustrated in Table S1 in Additional file 1.
All the patients were male, and were diagnosed as MCD
based on clinical manifestation and pathological results
from renal biopsy. 9 patients have adult-onset MCD,
while 15 patients were recognized as having nephrotic
syndrome during childhood. The average age at RTX

infusion was 23.58 years old (18-46), and was 18.88 years
old (3-46) at disease onset. The disease duration ranged
from 0.25 to 14.58 years. All the patients received at
least 1 course of corticosteroids or other immunosup-
pressive therapy, such as Cyclosporin (11), Tacrolimus
(12), Cyclophosphamide (1), Mycophenolate mofetil (8),
Chlorambucil (4), Leflunomide (1), Tripterygium glyco-
sides (3), with calcineurin inhibitors (CNI) consisting of
cyclosporin and tacrolimus being the most common
used immunosuppressants. Only 1 patient (patient 24)
avoided steroids treatment because of glaucoma induced
by prednisone, and received tacrolimus treatment alone.
The remaining 23 patients accepted steroids treatment
since disease onset. 17 patients were defined as SDNS, 6
patients were recognized as SRNS. While, 2 patients had
FRNS and 21 patients were considered having IRNS.
Nineteen patients presented with nephrotic syndrome

at the time of first infusion of RTX. 3 patients having
sub-nephrotic range proteinuria and 2 patients in
corticosteroids-induced CR were treated in order to im-
prove steroids-related complication or avoid long-term
toxicity of corticosteroids through steroids tapering or

Table 1 Clinical characteristics of study population before
rituximab therapy

Characteristics Patients (n = 24)

Age at onset of disease, years 18.88±8.57 (3-46)

Age at first rituximab infusion, years 23.58±7.89 (18-46)

Male gender 24 (100%)

Disease duration, years 4.29 (0.25-14.58)

24h urinary protein excretion, g 9.49±7.55

Serum creatinine, μmol/L 118.58±109.24

eGFR (MDRD), ml/min*1.73m2 103.36±43.83

Serum albumin, g/L 22.57±6.94

CD19+ B cell count, n/μL 343.89±269.75

Previous immunosuppressive therapy 62

Long term corticosteroids 22

Cyclosporine 11

Tacrolimus 12

Cyclophosphamide 1

Mycophenolate mofetil 8

Chlorambucil 4

Leflunomide 1

Tripterygium glycosides 3

Prednisone dose before rituximab therapy, mg/day 28.15 (5-50)

Relapse rate before rituximab therapy, number/year 1.43 (0-4.36)

Follow-up time, months 14.71 (8-36)

Quantitative data was expressed as mean or mean ± standard deviation (SD),
categorical data was presented as frequencies and percentages [n (%)]
Abbreviations: eGFR estimated glomerular filtration rate, MDRD Modification of
Diet in Renal Disease
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withdrawal. The average 24-hour urine protein excretion
was 9.49g/d (0.07-30.5) and the mean serum albumin
was 22.57g/L (13.9-36.8). 6 patients had elevated serum
creatinine. The mean eGFR was 103.36ml/min per
1.73m2 (12.1-186.68). Pre-treatment CD19+ B cell count
was 344/μL (92-1208) an average. The average follow-up
time after first infusion was 14.71 months (8-36).

Rituximab therapy
Nineteen patients received 375mg/m2 RTX treatment
once three weeks for 3 dose and corticosteroids which
dose is maintained as prescribed previously. Four pa-
tients received the fourth dose of RTX, in which 3 pa-
tients had overt proteinuria at the beginning and before
the third dose of RTX (12.1-24.73). The remaining pa-
tient was treated with the fourth dose in consideration
of NS refractory to each available therapy for 93 months.
Only 1 patient declined the third dose of RTX because
of recurrent and uncontrolled onychomycosis.

Response to rituximab treatment
Twenty-two patients achieved CR for an average of 3.26
months (0.75-11) after the first infusion of RTX with 13
patients achieved CR during the treatment period (Table
2). The longest remission time is 11 months, while the
shortest remission time is just before the second dose of
RTX infusion. Two patients showed no response even
acquired 4 dose of RTX. The remaining 2 patients being
in remission before treatment were in maintained remis-
sion at last follow-up despite of steroids withdrawal. In 2
patients with no response (NR), 1 patient were treated
with prednisone (1mg/kg) and achieved CR thereafter
and 1 patient showed remarkable decrease in proteinuria
from 30.5g/d initially to 7.62g/d and normal serum albu-
min level at last follow-up.
Cumulative incidence of remission, and changes of 24-

hour urinary protein excretion, serum albumin and
serum creatinine were illustrated in Table 3, Fig. 1 and
Figure S1. The cumulative response rate was 91.67%
(22/24), and all the patients with response to RTX ther-
apy achieved CR. The response rate showed no differ-
ences between childhood-onset and adult-onset patients,
which were showed in Tables S2 and S3.

Tapering doses of steroids and relapse after RTX
Steroids tapering protocol was detailed in Additional file
2. Tapering of steroids therapy, remission maintenance
time with or without steroids were illustrated in Table 2
and Table S4. Twenty-one patients experienced relapse
at the dose of steroids before the first infusion of RTX.
At last follow-up, the mean prednisone dose is 6.09mg/d
(0-25), which is significantly reduced compared to
28.15mg/d (5-50) at the beginning of RTX therapy,
which was illustrated in Fig. 2. Eleven patients were out
of steroids therapy and maintained in remission during
the follow-up time. The mean remission maintenance
time is 11.6 months (0.25-31) in total and 5 months (1-
11) after corticosteroids withdrawal.
In 22 patients in remission after RTX therapy, 3 pa-

tients experienced relapse during steroids tapering. One
patient (Patient 5) received additional dose of RTX and
achieved remission rapidly. One patient (Patient 16) also
achieved remission with increased prednisone dosage.
The remaining patient (patient 11) experienced relapse
after maintaining remission for 16 months, and was
treated with the fourth dose of RTX. However, response
condition was not recorded because that relapse time is
near the time of last follow-up. In 3 patients with re-
lapse, circulating CD19+ B cell count were 33/μL (pa-
tient 5), 459/μL (patient 11), and 2/μL (patient 16),
respectively. The average relapse rate after RTX was sig-
nificantly lower than that before (0.1% vs 1.43%), which
was depicted in Fig. 2.
When dividing patients into childhood-onset and

adult-onset MCD, both the steroids dosage and the re-
lapse rate showed no significant differences before and
after rituximab therapy (Table S2 and S3).

Adverse effects
During the treatment period and follow-up time, only
four minor adverse events were recognized (Table 4).
One patient experienced exacerbation of pruritus, which
was presented before RTX treatment, and discontinued
the following infusion. Two patients in the cohort expe-
rienced infusion-related reaction. One had allergic reac-
tion presenting as urticaria and topical pruritus at first
infusion, which is alleviated by temporary stop the

Table 2 Tapering doses of prednisone and relapse rate after rituximab therapy

Prednisone dose at last follow up, mg/day 6.09±7.38 (0-25)

Duration of prednisone withdrawal, months 12.64 (6-25)

Remission time, weeks 13 (3-44)

Remission time, months 3.26 (0.75-11)

Remission maintenance time, months 11.6 (0.25-31)

Remission maintenance time after withdrawal of prednisone, months 5.0 (1-11)

Relapse rate after rituximab therapy, number/year 0.1 (0-0.85)

Variables were expressed as mean or mean ± standard deviation (SD)
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infusion of RTX and use of anti-histamine agents. An-
other patient showed flu-like symptoms. The remaining
patient refused the third dose of RTX because of uncon-
trolled onychomycosis, which already existed before
RTX therapy, probably due to previous long-term use of
steroids and other immunosuppressive drugs.

Discussion
In this case series, we investigated the efficacy of rituxi-
mab combined with corticosteroids in inducing remis-
sion in adult patients with either SDNS or SRNS of
MCD. To our knowledge, it is the first retrospective ob-
servational study that apply 375mg/m2 RTX infusion
once three weeks for 3 dose together with steroids in
adult patients with biopsy-proven MCD in China. In our

research, 91.67% patients achieved CR in a mean time of
3.26 months (0.75-11), and only three patients experi-
enced one relapse during the follow-up period. The
average dose of steroids at last follow-up was signifi-
cantly lower than that used before rituximab (28.15mg/d
versus 6.09mg/d).
MCD is a common cause of nephrotic syndrome in

children, which was considered equal to steroid-sensitive
nephrotic syndrome when renal biopsy was not per-
formed. While in adult, MCD accounted for about 15%
of idiopathic nephrotic syndrome in previous research
[3], and 30% of that in China [33]. The pathological hall-
mark of MCD is absence of visible alteration by light mi-
croscopy and podocyte foot process effacement.
Although patients diagnosed as MCD responded well to

Table 3 Change of proteinuria, serum creatinine, and serum albumin after rituximab treatment

0W 3W 6W 12W 20W 32W 44W 56W LFU

Proteinuria, g/24h 9.49 4.65 3.31 1.05 0.49 0.59 0.93 0.12 1.48

Serum Creatinine, μmol/L 118.58 97.25 72.65 76.2 79.93 76.54 78.17 79.5 77

Serum Albumin, g/L 22.57 26.92 33.52 38.9 44.39 46.27 42.85 45.2 40.44

CD19+ B cell count, n/μL 344 6 4 / / / / / /

Abbreviations: W week, LFU last follow up

Fig. 1 A The cumulative incidence of complete remission after rituximab therapy during a 56-week follow up; B The variation of urine protein
excretion after rituximab therapy; C The variation of serum albumin after rituximab therapy; D The variation of serum creatinine after rituximab
therapy. Abbreviations: RTX, rituximab
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corticosteroids, longer time to remission, higher relapse
rate and higher incidence of AKI in adults put them at
risk of steroids and other immunosuppressive drug
toxicity.
RTX has been proven to be effective in inducing re-

mission of MCD. However, most of the researches were
restricted in children. There are only a few small-
sampled observational studies regarding RTX use in
adult patients. The reported incidence of CR of MCD
after RTX therapy in adult patients ranged from 50% to
100% [19–30]. However, it is difficult to draw any reli-
able conclusion from previous studies. Firstly, different
therapeutic protocols of RTX were used not only be-
tween different researches, but also in the same study [6,
25–27]. Moreover, in certain researches, patients were
already in remission due to previous treatment [19, 27,
29]. Adult patients with biopsy-proven focal segmental
glomerulonephritis (FSGS) were enrolled in certain stud-
ies [20, 26–28, 30]. Last but not least is that different im-
munosuppressive drugs excluding steroids were used in
the RTX protocols [20, 21, 25–28]. B-cell driven therapy
had been used in some researches, which showed prom-
ising effects [27, 30]. However, interaction between RTX
and podocyte function was also considered important of
RTX therapy in MCD [34]. Some studies implied that
relapse did not always happen during B cell reconstruc-
tion as well [25, 35]. In our study, CD19+ B-lymphocyte
cell count at the time of relapse in 3 patients varied from

2-459/μL, which also indicated that effectiveness of RTX
in MCD might not be only attributed to B cell depletion.
While, we firstly apply 375mg/m2 RTX treatment once
three weeks for 3 dose combined with corticosteroids in
all the patients. Only 4 patients required additional infu-
sion, and 1 patient declined the third dose of RTX
resulting from uncontrolled concurrent infection. The
incidence of CR in our study is 91.67%, which concluded
that RTX combined with steroids is effective in inducing
remission in adult MCD patients with considerable re-
mission rate.
The optimal dose of RTX, which combines the max-

imum remission duration with minimal side effects, is
difficult to define, even in lymphoma and rheumatoid
arthritis. In lymphoma, R-CHOP-21 schedule provided a
longer exposure and maximized the exposure to clinical
relevant concentrations of RTX, compared to R-CHOP-
14 [36]. While R-CHOP-14 protocol ensured higher C-
max and C-min during infusion period. Moreover, in pa-
tients manifesting nephrotic syndrome, serum RTX con-
centration is significantly lower than that in RA [31] or
Myasthenia gravis [37]. Probably due to the loss of RTX
in urine in patients with remarkable proteinuria. How-
ever, loss of RTX in urine was not documented in MCD
[38]. Therefore, further investigation with respect to
serum concentration of RTX in MCD and superior
protocol with optimal initial dose and maintenance dose
are required.
Previous researches have suggested RTX therapy was

able to reduce the relapses per year and to enable dis-
continuation or tapering of steroids or other immuno-
suppressive agents, which is consistent in our study.
Relapses per year and dose of steroids used in remission
after RTX were considerably reduced compared to those
before RTX therapy. The relapse rate is 13.64%, only 3
patients experienced one relapse during follow-up period

Fig. 2 A Prednisone dose is significantly different in patients before and after rituximab treatment; B: Relapse rate is significantly different in
patients before and after rituximab treatment. Abbreviations: RTX, rituximab. P value is calculated using paired t-test to demonstrate the
differences in prednisone dosage and relapse rate between the two groups. **** P < 0.0001

Table 4 Side effects of rituximab during follow-up

Pruritus 1

Infusion-related reaction 2

Allergic reaction 1

Flu-like symptoms 1

Skin and soft tissue infection 1
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respectively. In previous literatures, relapse rate varied
from 0 to 56% [19–30]. Firstly, the time of follow-up
seemed to be the reasonable factor. One study con-
cluded that the median time to relapse is 18 months
[25]. Meanwhile, patients showed relapse mostly after 6
months of RTX therapy [19, 21, 24, 25, 27–30]. There-
fore, studies conducted shorter follow-up time may not
reflect the true relapse rate. Secondly, populations varied
across studies. Patients with treatment-naive MCD
showed no relapse after RTX therapy [23]. While re-
searches recruiting patients with FSGS demonstrated
higher relapse rate [20, 27, 30]. Thirdly, different treat-
ment strategies, either alone or combined with other im-
munomodulatory drugs may play an important role
explaining the inconsistency between literatures. While
Takei delineated that B cell reconstruction could not be
a reliable parameter to indicate the relapse [21] and the
effectiveness of RTX in MCD might result from its im-
pact on podocyte function [39], we proposed not to ad-
just RTX infusion based on the circulating CD-19
positive B-lymphocyte cells, in order to avoid unneces-
sary exposure of RTX.
Furthermore, the mean dose of steroids used at last

follow up is significantly reduced compared to that be-
fore RTX therapy, which is in accordance with other re-
ported results [22, 26, 27].
Similar to previous researches, RTX use in adult pa-

tients with MCD was quite tolerable. Only 4 adverse
events were recorded during the treatment and follow-
up period. Infusion-related reaction was considered the
most common side effect of RTX, which accounted for
50% of adverse events in our study. One infection pre-
senting as onychomycosis, happened before RTX prob-
ably due to long-term use of corticosteroids and other
immunosuppressive agents, which was refractory to
standard antimicrobial treatment during RTX treatment.
HBV reactivation was not detected, as well as PCP or
PML, which were considered serious side effects, requir-
ing long term monitor.
Podocyte damage was considered to be crucial in the

pathogenesis of MCD [40]. Previously, existence of a cir-
culating mediator produced by abnormal T cells was
postulated to disrupt the function of podocyte and in-
crease the permeability of glomerular filtration barrier,
which resulted in proteinuria [41, 42]. However, in the
last decades, especially as the use of RTX in MCD, B
lymphocyte cells were thought to play an indispensable
role in the mechanize of MCD. T helper 2 (TH2) cell
mediated immunity and its related cytokines, such as IL-
4 and IL-13 have been verified to cause proteinuria in
murine model through inducing foot process effacement
[43, 44]. Additionally, IgG-antibody directed against Ubi-
quitin Carboxyl-Terminal Hydrolase L1 (UCHL1) was
shown to cause podocyte detachment and associated

with relapses of idiopathic NS in mice [45]. Apart from
the direct influence on B cell, RTX has been proven to
bind directly to podocyte Sphingomyelin Phospho-
diesterase Acid Like 3b (SMPDL3b) in vitro, which dem-
onstrated its antiproteinuric effect independent of B cell
depletion [34]. A diversity of indirect effects, including
lipid raft modifications, kinase and caspase activation
and effects on apoptotic/antiapoptotic molecules appear
to play a crucial role for the observed variability in re-
sponse to RTX treatment [46]. At the same time,
kruppel-like factor 15, a zinc-finger transcription factor
expressed in human podocytes, contributes to mediate
the beneficial effects of glucocorticoid therapy via
stabilization of the actin cytoskeleton of podocytes in
MCD [47]. While, in our study, only 2 patients showed
no response to RTX treatment, in which one patient was
considered responder because of decreasing proteinuria
and increasing of serum albumin at last follow up. Thus,
it is difficult for us to investigate the differences between
responders and non-responders, which might contribute
to the study on pathogenesis of MCD and role of B cell
or RTX in this disease.
The strength of our research is that we firstly intro-

duced 3 dose protocol of rituximab infusion combined
with corticosteroids in the treatment of adult MCD and
demonstrated promising efficacy in inducing remission,
reducing relapse and tapering steroids without severe
side effects. The fixed protocol conducted in this series
makes results reliable and comparable, which further
promote the use and investigation of RTX in MCD
patients.
Our study still have some limitations. First of all, sam-

pling bias is inevitable. Each physician in our department
selected RTX therapy for adult MCD patients based on
their clinical experience. There was no consensus on pa-
tient selection. Moreover, the lack of circulating CD19+
B lymphocyte cells measurement made it impossible to
reveal the relationship between remission or relapse and
lymphocyte. Additionally, follow-up time is too short
that the relapse rate might be underestimated, as well as
long-term adverse events. Last but not least is that the
results of small sample size study will not accurately
reflect the actual remission rate. Consequently, investi-
gations including randomized controlled trials for long-
term follow up regarding RTX use in adult MCD are
required to further illustrate the effectiveness and safety.

Conclusion
In summary, our study concluded that 375mg/m2 RTX
treatment once three weeks for 3 dose combined with
corticosteroids is effective in inducing remission in adult
patients diagnosed as MCD. The remission rate is
91.67%. During the follow-up period, only 3 patients ex-
perienced one relapse respectively. The relapse rate is
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13.64%. Dosage of steroids and relapses per year are sig-
nificantly reduced after RTX therapy compared to those
before. Tolerance of RTX is excellent with no severe ad-
verse effects documented.
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