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ABSTRACT

Background. Patients with frequently relapsing (FR), steroid-dependent (SD) and steroid-resistant (SR) nephrotic syndrome
are a therapeutic challenge with limited treatment options. Here, we retrospectively analyze the efficacy and safety of
rituximab-induced continuous B-cell depletion in these populations.

Methods. Patients were included if they were at least 18 years of age and had FR, SD or SR minimal change disease (MCD) or
primary focal segmental glomerulosclerosis (FSGS) and were treated with a strategy of continuous B-cell depletion. Partial
remission (PR) was defined as a urinary protein:creatinine ratio (UPCR) of �3.5 g/g and a 50% reduction in the UPCR from
baseline. Complete remission (CR) was defined as a UPCR �0.3 g/g.

Results. We identified 20 patients with MCD (n¼13) or FSGS (n¼7) who fulfilled the inclusion criteria. All patients had
either SD (n¼12), SR (n¼7) or FR (n¼1) disease. Patients received a median of nine rituximab doses [interquartile range
(IQR) 7.5, 11] and were treated for a median time of 28 months (IQR 23, 41). Prednisone was weaned from a median of 60 mg
daily (IQR 40, 60) at rituximab initiation to 4.5 mg daily (IQR 0, 5.5) by 12 months. All patients achieved PR. CR occurred in 11
of 13 patients with FR or SD disease, but only 1 of 7 patients with SR disease (logrank P¼0.01). Four relapses occurred, all in
patients with SR disease. Three serious infections occurred over 70.3 patient-years.

Conclusion. Continuous B-cell depletion is a therapeutic option in the management of complicated nephrotic syndrome.
Additional studies are needed to clarify the utility of this strategy.

Keywords: focal segmental glomerulosclerosis, minimal change disease, rituximab

INTRODUCTION

Minimal change disease (MCD) and primary focal segmental glo-
merulosclerosis (FSGS) are podocytopathies that cause the ne-
phrotic syndrome. Initial treatment for both disease processes is
typically glucocorticoid monotherapy [1]. In a significant number

of patients, treatment with glucocorticoids is complicated by
recurrent relapses when therapy is discontinued [frequently
relapsing (FR) disease], relapse during steroid tapering [steroid-de-
pendent (SD) disease] and complete lack of response [steroid-re-
sistant (SR) disease] [2, 3]. The inability to maintain remission
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predisposes patients to the risks of nephrotic syndrome and ulti-
mately end-stage renal disease [4].

Most patients with SD and SR disease are treated with calci-
neurin inhibitors with or without low-dose prednisone [1, 5–7].
Remissions with calcineurin inhibitors are often partial rather
than complete, and relapse is common upon discontinuation of
therapy [3, 5]. The high relapse rate necessitates prolonged and
often indefinite treatment. Some patients are able to success-
fully maintain remission on low-doses of a calcineurin inhibitor
without significant treatment-related complications. However,
in other patients prolonged therapy is associated with hyper-
tension, diabetes mellitus, cosmetic effects, and irreversible re-
nal fibrosis and chronic kidney disease [8, 9].

Rituximab is an anti-CD 20 monoclonal antibody that
depletes B-cell lymphocytes and also possesses podocyte-
specific effects [10]. Prior retrospective series in adults and ran-
domized controlled trials in the pediatric population have dem-
onstrated the efficacy of rituximab in patients with FR or SD
disease, although relapses are not uncommon with B-cell re-
constitution [11–17]. Patients with SR disease appear to have a
less favorable response [18]. However, in most reports rituximab
therapy was not continued if an initial response was not appre-
ciated. Here, we present our experience of patients with FR, SD
and SR nephrotic syndrome treated with prolonged continuous
B-cell depletion.

MATERIALS AND METHODS
Study population

We performed a single-center retrospective analysis of adult
patients with FR, SD or SR nephrotic syndrome who initiated
treatment with rituximab-induced continuous B-cell depletion
between September 2008 and June 2016 at the Massachusetts
General Hospital Vasculitis and Glomerulonephritis Center. All
patients had adult-onset disease and had a median age of
54 years at the time of rituximab initiation. Importantly, all
patients with complicated nephrotic syndrome during this pe-
riod were treated with a strategy of continuous B-cell depletion,
minimizing concerns of a selection bias. Patients were included
if they had biopsy proven MCD or primary FSGS and a urinary
protein:creatinine ratio (UPCR) of >3.5 g/g at initiation of treat-
ment. The study was approved by the Partners HealthCare
Human Research Committee and performed in accordance with
the Declaration of Helsinki.

Clinicians experienced in the diagnosis and management of
glomerular disease differentiated primary from secondary FSGS
based on the integration of clinical and pathologic features.
Specifically, only patients with a history of nephrotic syndrome
[UPCR >3.5 g/g, serum albumin (Alb)<3.5 mg/dL and edema] and
widespread or diffuse effacement of the visceral epithelial cell
foot processes on electron microscopy were considered to have
primary FSGS (Supplementary data, Table S1) [19]. In addition,
patients were excluded if they had an identifiable secondary
cause of FSGS (e.g. unilateral renal agenesis). FR disease was de-
fined as three or more relapses in the past year. SD disease was
defined as relapse during steroid taper or within 2 weeks of ste-
roid discontinuation. SR disease was defined as failure of pred-
nisone at 1 mg/kg for �12 weeks to induce a remission or failure
of glucocorticoids and a calcineurin inhibitor if glucocorticoids
were administered at 1 mg/kg for <12 weeks due to
glucocorticoid-related side effects (e.g. uncontrolled diabetes
mellitus).

Treatment regimens

The rituximab dosing protocol was designed to maintain con-
tinuous B-cell depletion. Rituximab was initially administered
as two 1000 mg IV doses separated by 2–4 weeks. Thereafter,
rather than waiting for B-cell reconstitution or clinical relapse,
rituximab was administered as one 1000 mg IV dose every
4 months. This dosing interval has been demonstrated to
achieve continuous B-cell depletion in >95% of patients [20–22].
B-cell depletion was monitored prior to each dose with flow cy-
tometry by examining the population of CD19þCD20þ lympho-
cytes. Patients with B-cell reconstitution at a 4-month dosing
interval were administered rituximab every 3 months. If rituxi-
mab was continued for >2 years, then stretching the dosing in-
terval to every 6 months was attempted. Prednisone and other
immunosuppressive agents were initially administered with rit-
uximab in most patients. Tapering of prednisone/immunosup-
pressive agents and the duration of rituximab therapy were at
the discretion of the treating physician.

Outcomes

Partial remission (PR) was defined as a spot UPCR of �3.5 g/g
and a 50% reduction in the UPCR from baseline confirmed on
two consecutive measurements. Complete remission (CR) was
defined as a UPCR �0.3 g/g and normalization of Alb on two con-
secutive occasions. Relapse after remission was defined as a
UPCR >3.5 g/g on two occasions after remission was attained or
on one occasion if there was any escalation in therapy. Serious
adverse events (SAEs) were defined as events that were life
threatening, led to hospitalization, caused persistent disability
or permanent damage, or resulted in death. Serious infections
(SIs) were defined as infections that required hospitalization or
intravenous antibiotics. SAEs and SIs were determined by re-
view of our electronic medical records and flow sheets main-
tained as part of patient management.

Statistical analyses

All analyses were carried out using Stata version 14 (College
Station, TX, USA). Patient characteristics were stratified by his-
tologic diagnosis and phenotype (i.e. FR, SD or SR). Continuous
variables are presented as median [interquartile range (IQR)]
and categorical variables are presented as percentages.
Differences between continuous variables were compared using
the Wilcoxon rank-sum test. Time to remission was examined
using the Kaplan–Meier method and differenced between
curves were compared with the log-rank test. Poisson regres-
sion was used to generate confidence intervals for SAEs and SIs.

RESULTS
Baseline characteristics

Twenty patients with either MCD (n¼ 13) or FSGS (n¼ 7) met in-
clusion criteria (Table 1). The majority of patients had SD
(n¼ 12) or SR (n¼ 7) disease. All patients were previously treated
with prednisone and 14 patients had failed additional immuno-
suppressive therapies (Table 1). Median (IQR) UPCR at initiation
of treatment was 9.1 g/g (5.9, 17.5) and 5.8 g/g (4.1, 11.4) in
patients with MCD and FSGS, respectively. The baseline median
Alb was 2.6 g/dL (IQR 2.2, 2.9).
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Treatments

All patients were treated with rituximab-induced continuous
B-cell depletion and a prednisone taper (Table 2). Patients re-
ceived a median of 9 (IQR 7.5, 11) rituximab doses and were
treated for a median time of 28 months (IQR 23, 41). Other medi-
cations used initially with rituximab included cyclophospha-
mide (Cyc) (n¼ 12), mycophenolate mofetil (MMF) (n¼ 2),
cyclosporine (CsA) (n¼ 1) and tacrolimus (n¼ 1). The initial pred-
nisone dose was 60 mg/day (IQR 40, 60). Prednisone was tapered
such that the median (IQR) daily prednisone dose was 8.75 mg
(5, 13.75) at 4 months, 5.0 mg (1.875, 10.0) at 8 months and 4.5 mg
(0, 5.5) at 12 months (Figure 1). By 1 year, all patients with FR and
SD disease were on �7.5 mg/day, whereas three of seven

patients with resistant disease remained on 10 mg/day or more
(maximum ¼ 15 mg/day).

Remission

All patients achieved partial remission (PR) at a median time of
2.4 months (IQR 0.9, 6.3) (Figure 2A). Median time to PR was lon-
ger in patients with a diagnosis of FSGS [5.2 months (IQR 1.1,
8.7)] compared with MCD [1.2 months (IQR 0.8, 4.8)] (Wilcoxon
rank-sum P¼ 0.20). Regardless of histologic diagnosis, patients
with SR disease had a longer median time to PR compared with
patients who had SD or FR disease [1.1 months (IQR 0.8, 6.3) ver-
sus 4.8 months (IQR 1.9, 8.7); Wilcoxon rank-sum P¼ 0.10]
(Figure 2B).

In patients with MCD, 9 of 13 patients achieved CR at a me-
dian time of 1.1 months (IQR 0.9, 4.5), whereas 3 of 7 patients
with FSGS achieved CR at a median time of 8.7 months (range

0.8–40.2) (Figure 2C). CR occurred in 11 of 13 patients with FR or
SD disease, but only 1 of 7 patients with SR disease (Figure 2D;
logrank P¼ 0.01).

Table 1. Baseline characteristics

Patient Age (years) Sex Diagnosis Phenotype Failed therapies Proteinuriaa (g/g) Alb (g/dL) Cr (mg/dL)

1 32 M MCD FR Pred 12.1 2.2 1.0
2 46 M MCD SD Pred, Cyc, Aza 9.0 2.7 1.0
3 23 F MCD SD Pred, FK, MMF 17.5 1.8 0.5
4 60 M MCD SD Pred, CsA, MMF 3.6 2.1 1.4
5 61 M MCD SD Pred 18.0 1.7 1.2
6 53 M MCD SD Pred, Cyc, MMF 5.9 NA 0.9
7 61 F MCD SD Pred, CsA 18.5 3.1 4.4
8 34 M MCD SD Pred 9.1 NA 0.8
9 40 M MCD SR Pred 8.4 2.8 1.0
10 50 M MCD SR Pred, CsA, FK 5.6 2.7 1.8
11 49 M MCD SR Pred, CsA 17.5 2.0 1.3
12 22 M MCD SR Pred 25.6 2.3 1.0
13 30 M MCD SR Pred, CsA 5.0 2.6 1.1
14 56 M FSGS SD Pred, CsA, FK, MMF 4.1 3.2 1.1
15 67 M FSGS SD Pred, MMF 3.9 NA 1.3
16 67 F FSGS SD Pred, CsA 5.8 3.2 1.2
17 72 F FSGS SD Pred 11.4 2.9 1.1
18 54 F FSGS SD Pred, CsA, FK, MMF, Abat 4.9 2.2 0.8
19 65 F FSGS SR Pred, CsA, MMF 13.8 2.3 1.6
20 66 F FSGS SR Pred, Cyc, MMF 8.0 3.1 1.3

aExpressed as UPCR.

Abat, abatacept; Aza, azathioprine; F, female; FK, tacrolimus; M, male; Pred, prednisone.
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FIGURE 1: Prednisone dose. Shown is the prednisone dose for individual

patients with MCD (A) and FSGS (B).
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Table 2. Treatment regimens and outcomes

Patient
Initial Pred
(mg/day)

Other meds/duration
(months)

RTX
doses (n)

Duration of
RTX (months) Outcome

Follow-up
(months)

Follow-up after
last RTX (months)

1 60 Cyc/2 9 26 CR 46 20
2 60 Aza/21 28 71 CR 71 0
3 80 None 14 54 CR 60 6
4 60 CsA/9 8 32 CR 55 24
5 60 Cyc/2 8 28 CR 46 19
6 40 Cyc/2 7 24 CR 39 14
7 60 Cyc/3 9 34 CR 34 0
8 60 None 8 26 CR 32 7
9 10 None 20 90 PR 90 0
10 60 Cyc/10 11 36 PR 36 0
11 80 Cyc/6 9 28 PR 32 5
12 80 Cyc/2 9 20 PR 22 2
13 40 Cyc/6 4 11 CR 16 5
14 20 FK/44 11 46 CR 83 37
15 5 MMF/22 15 70 PR 70 0
16 40 Cyc/2 8 25 CR 31 6
17 60 Cyc/4 5 13 PR 14 1
18 60 Cyc/3 6 13 CR 13 0
19 40 Cyc/3 10 29 PR 29 0
20 15 MMF/24 7 21 PR 24 3

Aza, azathioprine; FK, tacrolimus; Meds, medications; Pred, prednisone; RTX, rituximab.
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Relapse after remission

Four patients (Patients 9, 10, 11 and 20) relapsed at a median
time of 5 months (IQR 4, 8) after attaining PR. All relapsing
patients had SR disease. The other 16 patients maintained re-
mission without relapse, with a median follow-up time of
35 months (IQR 19, 57) following PR. All relapsing patients sub-
sequently obtained a PR at median time of 2 months (IQR 2, 9)
following relapse (Supplementary data, Table S2). No relapsing
patients, however, went on to obtain a CR.

Rituximab therapy was discontinued in five patients
(Patients 1, 4, 5, 6 and 14) during the study period after a median
of 28 months (IQR 26, 32) of rituximab, none of whom had SR
disease. B-cell recovery was documented in all patients, except
in Patient 1 (not checked) who had 20 months of follow-up after
the last rituximab. All of these patients maintained CR at a me-
dian follow-up time of 20 months (IQR 19, 24) after the last ritux-
imab dose.

Changes in renal indices over time

Changes in proteinuria, Alb and serum creatinine (Cr) for indi-
vidual patients during the first 2 years of therapy are shown in
Figures 3–5, respectively. Response to treatment at 1 year overall

and stratified by histologic diagnosis/disease phenotype is pre-
sented in Table 3. Cr did not change significantly during the first
year. Proteinuria decreased and Alb increased significantly in all
groups. After 1 year of treatment, UPCR had fallen to 0.1 g/g (IQR
0.1, 0.6) in patients with FR and SD disease versus 3.1 g/g (IQR
2.0, 3.9) in patient with SR disease (P¼ 0.01).

Adverse events

The total exposure time was 70.3 patient-years. SAEs occurred
at a rate of 0.10 events per year [95% confidence interval (CI)
0.04, 0.21] and SIs occurred at a rate of 0.04 infections per year
(95% CI 0.01, 0.12). SAEs are shown in, Supplementary data,
Table S3. Patient 12 developed cellulitis and had blood cultures
that were positive for Morganella morganii a few weeks after his
first rituximab infusion. Immediately before his first rituximab
infusion, he was treated at an outside institution with predni-
sone 80 mg daily for 4 months without response. Patient 16 de-
veloped recurrent Clostridium difficile colitis following a course of
amoxicillin for sinusitis after �2 years of continuous B-cell de-
pletion. She had multiple recurrences and was ultimately
treated successfully with a fecal transplant. One death occurred
as a result of a cerebrovascular accident.

DISCUSSION

FR, SD and SR nephrotic syndrome are a therapeutic challenge
for the nephrologist. This retrospective series provides evidence

0 4 8 12 16 20 24
0
1
2
3
4

8

12

16

20

24
Patient 1

Patient 2

Patient 3

Patient 4

Patient 5

Patient 6

Patient 7

Patient 8

Patient 9

Patient 10

Patient 11

Patient 12

Patient 13

A

B

0 4 8 12 16 20 24
0

2

4

6

8

10

12

14

Patient 14

Patient 15

Patient 16

Patient 17

Patient 18

Patient 19

Patient 20

MCD

FSGS

Pr
ot

ei
nu

ria
 (g

/g
)

Pr
ot

ei
nu

ria
 (g

/g
)

Months

Months

FIGURE 3: Proteinuria. Shown is the UPCR for individual patients with MCD (A)

and FSGS (B).

0 4 8 12 16 20 24
1

2

3

4

5
Patient 1

Patient 2

Patient 3

Patient 4

Patient 5

Patient 6
Patient 7

Patient 8

Patient 9

Patient 10

Patient 11

Patient 12

Patient 13

Months

S
er

u
m

 a
lb

u
m

in
 (

g
/d

L
)

B

MCD

0 4 8 12 16 20 24
2

3

4

5

Patient 14

Patient 15

Patient 16

Patient 17

Patient 18

Patient 19

Patient 20

Months

S
er

u
m

 a
lb

u
m

in
 (

g
/d

L
)

A

FSGS

FIGURE 4: Alb. Shown is the Alb for individual patients with MCD (A) and

FSGS (B).

228 | F.B. Cortazar et al.

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfy067#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfy067#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfy067#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfy067#supplementary-data


that continuous B-cell depletion may be a useful component of
treatment in these complicated scenarios. All patients in the
study achieved a PR and 12 of 20 patients achieved a CR with
weaning of steroids to discontinuation or replacement doses. In
agreement with prior reports, patients with FR and SD disease
had a better response to rituximab than those with SR disease
[12, 18].

The mechanism of rituximab in treating MCD and FSGS
remains unclear. The leading hypothesis for the development
of podocyte dysfunction in MCD and FSGS has been production
of a circulating permeability factor by dysregulated T lympho-
cytes [23, 24]. It is possible that rituximab disrupts important
B-cell–T-cell interactions that ultimately lead to production of a
permeability factor in some patients. In addition, rituximab
may have important podocyte specific effects akin to those ob-
served with CsA [25]. Fornoni et al. demonstrated that rituximab
can bind to sphingomyelin-phosphodiesterase-acid-like-3b on
podocytes and preserve the structural integrity of podocytes in-
cubated with the serum from patients who developed recurrent
FSGS after transplant [10]. The differential effect of rituximab
observed among patients with SD and SR disease suggests the
possibility of distinct pathogenic mechanisms in these subsets.

Consistent with other reports, patients with FR and SD dis-
ease had an excellent response to rituximab therapy, with 11 of
13 patients achieving a sustained CR with weaning of steroids
and discontinuation of other immunosuppressants. Within this
steroid-responsive subgroup, rituximab appeared more effica-
cious in patients with a diagnosis of MCD (sustained CR in eight
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of eight patients) than those with FSGS (sustained CR in three of
five patients). The small numbers, however, preclude firm con-
clusions. Moreover, it is possible that a subset of patients diag-
nosed with MCD has FSGS and were given a diagnosis of MCD
due to sampling error.

In contrast to prior studies, patients with SR disease, most of
whom failed a calcineurin inhibitor, achieved a PR with rituxi-
mab [18]. There are two likely explanations for this discrepancy.
First, patients in our series were also initially treated with alter-
native immunosuppressants, most commonly Cyc. It is possible
that a synergy between rituximab and the other immunosup-
pressants leads to the improved outcomes. Second, patients in
our series were treated with prolonged B-cell depletion via re-
peated rituximab doses independent of a favorable initial re-
sponse. Indeed, within the entire cohort, 6 of 20 patients
achieved a PR after 6 months of treatment, and 2 patients
achieved a PR after 9 months. While only one patient with resis-
tant disease achieved a CR, it has been clearly demonstrated
that even transient PRs are associated with improved
outcomes [4].

Among patients with FR and SD disease, no relapses oc-
curred over a median of �3 years following remission despite
withdrawal of prednisone or weaning to replacement doses
(�5 mg per day). In a prior report of patients with SD MCD, 6 of
17 patients relapsed at a median time of approximately 1 year
[11]. In all cases of relapse, B-cell reconstitution had occurred. In
studies with a longer duration of follow-up, the relapse rate is
considerably higher. In a report of 51 patients with FR and SD
nephrotic syndrome treated with a single course of rituximab,
94% of patients subsequently sustained a relapse [17]. The low
rate of relapse we observed can likely be attributed to our strat-
egy of prolonged B-cell depletion. Further investigation is
needed to define the optimal rituximab dosing regimen that
balances relapse rate, side effects and cost.

In our series, none of the five patients in whom rituximab
was discontinued developed a relapse after a median treat-
ment-free follow-up time of 20 months. It may be that after a
prolonged period of B-cell depletion, relapses occur less fre-
quently even when therapy is withdrawn and B-cell reconstitu-
tion occurs. Larger studies are needed to test this hypothesis.
Among patients with SR disease, rituximab was not discontin-
ued given the concern for disease relapse in a patient subset
where achieving remission is often difficult.

Prolonged B-cell depletion was well tolerated in most
patients, with only three SIs over 70 patient-years. This favor-
able side-effect profile is consistent with larger reports of
patients with antineutrophil cytoplasmic antibody (ANCA)-as-
sociated vasculitis treated with prolonged B-cell depletion as
maintenance of remission therapy [20, 21]. The low rate of
infections and total SAEs appears to be in part due to efficacy of
rituximab on disease remission, allowing weaning of steroids.
The median prednisone dose at 1 year was <5 mg/day. In addi-
tion, the low relapse rate obviates the need for repeated courses
of high-dose glucocorticoids and/or prolonged treatment with
calcineurin inhibitors, which can predispose to diabetes, osteo-
porosis, dyslipidemia, neurotoxicity and nephrotoxicity [26].

Our study has several important limitations. The study is
retrospective, single-center and contains a relatively small
number of patients. Moreover, there was no control group to
provide a comparison. However, the near uniform response in a
group of patients who had failed multiple prior therapies and
had few treatment options corroborates our findings.

Treatment options for patients with complicated MCD and
FSGS remain limited. In this retrospective analysis, we

demonstrate that continuous B-cell depletion is an effective
long-term management strategy for patients with SD disease. In
addition, our findings suggest this strategy may be a useful
component of therapy for SR disease, particularly when used
initially with other immunosuppressants. Additional studies
are needed to identify patient subgroups most likely to benefit
from this strategy and to define the optimal duration of
treatment.
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