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Rituximab in idiopathic nephrotic syndrome: does it make sense?
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Abstract Idiopathic nephrotic syndrome (INS) includes three
different entities: minimal change disease (MCD), focal seg-
mental glomerulosclerosis (FSGS), and mesangial prolifera-
tive glomerulonephritis. Historically, this condition has been
attributed to a T-cell disorder resulting in the secretion of a
circulating factor that increases glomerular permeability to
plasma proteins. The therapeutic approach to control the pro-
teinuria of INS remains the use of drugs that have been
considered to suppress the production of the “circulating
factor” secreted by T cells. Recently, rituximab (RTX), a
chimeric monoclonal antibody directed against the CD20 cell
surface receptor expressed on B cells, has emerged as poten-
tial therapeutic agent. The number of publications reporting
clinical experience with RTX in the treatment of nephrotic
syndrome has greatly increased in the last few years. Howev-
er, there is currently no good evidence from clinical or exper-
imental studies that support a role of RTX in the treatment of
MCD and FSGS proteinuria. In summary, there is the need for
a better understanding of the pathogenesis of the proteinuria in
INS and the potential role of RTX in this condition.
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Introduction

The entity idiopathic nephrotic syndrome (INS) includes pa-
tients with minimal change disease (MCD), focal segmental
glomerulosclerosis (FSGS), and mesangial proliferative glo-
merulonephritis. Historically, this condition has been attribut-
ed to a T-cell disorder resulting in the secretion of a circulating
factor that increases glomerular permeability to plasma pro-
teins [1]. The therapeutic approach to control the proteinuria
of INS remains the use of drugs that have been considered to
suppress the production of the “circulating factor” secreted by
T cells. Initial treatment usually consists of corticosteroids.
INS is typically classified into steroid-dependent nephrotic
syndrome (SDNS), frequently relapsing nephrotic syndrome
(FRNYS), and steroid-resistant nephrotic syndrome (SRNS).

While classically treatment of INS has involved treatment
with agents that suppress T-cell function, such as corticoste-
roids and calcineurin inhibitors, rituximab (RTX) has recently
emerged as potential therapeutic agent. RTX is a chimeric
monoclonal antibody that is primarily aimed at deleting B cells
by binding the CD20 cell surface receptor and inducing apo-
ptosis [2]. A recent survey shows that the drug is commonly
used worldwide to treat patients with INS [3]. In this paper we
review the evidence or lack thereof on its potential efficacy and
its mechanism of action for the treatment of this disorder.

RTX in idiopathic nephrotic syndrome

Since the first case report in 2004 [4], several studies on the
effect of RTX in the treatment of INS have been published [3,
5-14]. These reports vary with respect to the characteristics of
the patients included in the study and especially on the defi-
nition of steroid dependency. Some authors consider steroid
dependency in a patient with relapse on prednisone after an
initial episode of nephrotic syndrome [3, 5, 6], while others
define steroid dependence if patients relapse at least two times
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while on prednisone [7—-11]. For yet other authors, steroid
dependency occurs if a patient relapses up to 2 weeks [3,
7—11] or within 4 weeks [5] after discontinuing prednisone.
Neither Kamei et al. nor Guigonis et al. define steroid depen-
dency in their studies [12, 13]. In terms of therapy, reports on
the dose of RTX have varied from one to up to seven doses.
Other immunosuppressive drugs were discontinued in some
reports on RTX [8], whereas in other studies the patients
continued with the same previous immunosuppressive regi-
men [3, 6, 7, 9-15].

We have classified these reports into three groups
according to the strength of the obtained evidence classifi-
cation developed by the U.S. Preventive Services Task Force
(Tables 1-3) [15]. Of note, the stricter the study, the lower the
successful response to the drug.

First level of evidence: descriptive studies

The weakest level of evidence is represented by descriptive
studies. In the case of RTX, this includes single case reports
or a cohort studies of patients from several centers whose

Table 1 Descriptive studies on rituximab

information was collected via questionnaires. Two such stud-
ies using questionnaires have been published (Table 1) [3, 7].

The Ito et al. study included 74 Japanese children from 14
centers [7], of whom 80 % had MCD and only 25 % were SR.
Of importance is that 40 of their patients continued the same
immunosuppressive therapy and that all SD/SFR patients were
treated during remission. The aim of this study was to deter-
mine if RTX prevented relapse rather than to treat relapse.

In the Tto et al. study, a complete remission (CR) (6 patients)
and partial remission (PR) (6 patients) were achieved in 68 %
of the SR patients after 1-12 months, with CR or PR occurring
a mean of 6 months after the initiation of RTX treatment. This
late time of response raises questions as to the role of RTX in
inducing remission, especially for those who improved 6-

months after RTX had been given. Furthermore, 28 of 55
patients relapsed, but those subjects who continued treatment
with other immunosuppressive therapy were much more likely
to be relapse free (60 %) than those who stopped all immuno-
suppressive therapy (relapse-free survival was<20 %). Thus, it
would appear that the remission rate may have been related
more to the continued use of immunosuppressive therapy than
to the RTX itself.

First Number
author

Number  Type
of centers of patients of patients

Pathology

Other IS SD in RTX Response

SD FR SR MCD FSGS

Remission  Relapse

Prytula 25 70 28 27 FR/SD
[3] group:17

FR/SD

SR group: 11 SR group: 11

Ito [7] 14 74 52 3 19 59 10

group: 5

19 Active NS All?
available

FR/SD group:

-17/28 (61 %) patients
achieved CR, time unknown

-13/28 (46 %) patients
relapsed, median 6 months

14 available N/A SR group:

-6/27 (22 %) patients achieved
CR, time unknown

-6/27 (22 %) patients achieved
PR, time unknown

SD/FR group:

-28/55 (51 %) patients
relapsed, median 5 months

-15/40 (37.5 %) relapsed if IS
was continued

-13/15 (87 %) relapsed if IS
was discontinued

All 52SD3FR 19 SR

SR group:

-6/19 (31.5 %) patients
achieved CR

-6/19 (31.5 %) patients
achieved PR

-Range 1-12 months to
achieve remission

SD, Steroid dependent; FR, frequently relapsing; SR, steroid resistant; MCD, minimal change disease; FSGS, focal segmental glomerulosclerosis;
IS, immunosuppression; RTX, rituximab; NS, nephrotic syndrome; CR, complete remission; N/A, not available; PR, partial remission
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Prytula et al. mailed questionnaires to nephrologists who
were members of the International Pediatric Nephrology
Association [3]. Seventy patients from 25 centers from all
regions of the world were included, of whom 51 % had
SDNS or FRNS and 49 % had SRNS. Fifteen patients had
post-transplant recurrence of NS. In this last group, all pa-
tients were SR. Of the SR and SD/FR nephrotic patients in
this study, 44 and 82 %, respectively were considered to have
had a response to RTX; but again no data were available as to
the timing of response.

Retrospective questionnaires have many inherent weak-
nesses, such as no comparison group, no blinding, potential
of poor recall, and publication bias. In addition, the cases of
eight of the patients included in the Prytula et al. database had
previously been presented at national and/or international

Table 2 Cohort studies on rituximab

conferences as case-studies and included in previously
published case reports [3]. If the current research was
influenced directly or indirectly from promising earlier
reports, then it is highly questionable to use the same
data to “further assess the efficacy and safety of RTX in
refractory NS.”

A more important issue which applies to these types of
multicenter, retrospective studies included in this group
(Table 1) and in the next group to be reviewed (Table 2) is
the lack of standardization regarding prednisone therapeutic
regimens and the limited amount of information given on
concomitant medications with no analysis of how results
depended on these factors. Finally, as previously mentioned,
the timing of response after RTX is also often poorly
documented.

Number Number
of centers of patients

First author Type of Pathology

patients

SD SR MCD FSGS

Other IS SD in RTX

Response

Remission Relapse

Retrospective studies

Tellier [5]* 8 18 18 0 15 2 All
Gulati [8] 3 57 24 33 29 18 All
Kemper [9] 12 37 37 0 NA

Prospective studies

Sellier-Leclerc 1 30 30 0 6 ?

[e1°
Fujinaga [10] 1 10 10 0 10 0 All
Kamei [12] 4 12 12 0 11 1 All
Guigonis [13] 13 22 20 2 16 3 All

15/37

18 0
24 0

10/18 (56 %) relapsed within 2 years
SD group:
-4/24 (17 %) patients relapsed within 1 year
-7/24 (29 %) relapsed after 1 year
SR group:
-9/33 (27 %) patients achieved
CR at 6 months
-7/33 (21 %) patients achieved PR at 6 months

-24/37 (65 %) patients relapsed
after a mean of 9.6 months

37 0

30 0 7/30 (23 %) relapsed during RTX treatment per

11/30 (37 %) relapsed after
RTX treatment period

5/10 (50 %) patients relapsed within
18 months

12 0 7/12 (58 %) patients relapsed within 6 months
14 6

10 0

SD group in relapse:

-2/6 (33 %) patients achieved remission
at 21 and 69 days

SD group in remission:

-3/14 (21 %) patients relapsed,
range 7—17 months

SR group—relapse:
-1/1 patient achieved remission at 81 days.

SD, steroid dependent; SR, steroid resistant; CR, complete remission; PR, partial remission; RTX, rituximab; MCD, minimal change disease; FSGS,

focal segmental glomerulosclerosis
#Included 8 patients with renal failure

®Included 6 patients with renal failure

¢ Defined as a period of 15 months in which authors aimed to maintain CD19 depletion with repeated RTX infusions
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Second level of evidence: cohort studies

Second level of evidence is represented by prospective and
retrospective studies that include cohorts of patients from
different centers (Table 2). A main characteristic in this type
of study is an attempt, not always successful, to standardize
the response to corticosteroids prior to RTX therapy. The
number of patients and their response to corticosteroids, the
underlying glomerular pathology, whether they were treated
during relapse or remission, and concomitant immunosup-
pressive therapy varies according to the study (Table 2).

Retrospective studies Gulati et al. [8] included both SDNS
and SRNS patients in their study whereas Kemper et al. [9]
and Tellier et al. [5] treated only SDNS. Therapy with other
immunosuppressive agents was continued by Gulati et al.[8]
and Tellier et al. [5], whereas in the Kemper et al. [9] study,
most of the patients received only RTX. In all of these studies
SDNS patients were treated with RTX during remission.
Gulati et al. included patients with MCD, FSGS and some
with unknown pathological findings. In the Kemper et al. [9]
study there is no mention of renal pathology. Tellier et al. [5]
included 15 MCD patients and two FSGS patients. Of note,
eight of the 18 patients in the Tellier et al. study had some
degree of renal failure. Gulati et al. concluded that “RTX was
safe and effective in inducing and maintaining remission in a
‘significant’ proportion of patients with difficult SRNS and
SDNS”, whereas the Kemper et al. [9] study reported that
69 % remained in long-term remission and 48 % off immu-
nosuppressant but that 16 patients received more than one
course of RTX (four courses in 9 patients). In contrast, in the
Tellier study other immunosuppressive agents were tapered in
all patients, and 14 of 18 subjects remained on at least one
immunosuppressive drug 2 years after initiating RTX therapy.

These studies all have similar problems that are associated
with a cohort retrospective study. The selection of patients and
concomitant therapy are difficult to follow. The selection of
patients in the Gulati et al. [8] study included patients in the
SRNS group with quite different ages at onset and age when
RTX therapy was administered. While in the Methods section
of'the report it is stated that all other IS agents were withdrawn
except in two patients who received mycophenolate mofetil,
in the Results section it is noted that one or more IS medica-
tions were withdrawn in only 12 patients. Therefore, it re-
mains unclear if the response was due to the natural history of
the disease, the presence of the concomitant medications,
and/or the effect of RTX.

Prospective studies There are four prospective studies on
RTX [6, 10, 12, 13]. In these studies, most of the patients
had SDNS (72 of 74 total cases) and MCD (43 of 47 total
cases). As previously mentioned, there is no uniformity in
the definition of steroid dependency. In each series, the
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numbers are small. All SDNS patients received RTX during
remission and continued on “maintenance immunosuppres-
sion.” Drug efficacy was assessed by maintaining remission
after withdrawal of the “maintenance immunosuppression”
[13]. The latter was accomplished after variable periods of
time or not at all. As shown in Table 2, the relapse rate in
these patients during the follow-up was quite variable.

Third line of evidence: randomized control studies

The third line of evidence has been obtained from prospective,
randomized control studies (Table 3). Two studies have been
published, both from the same Italian study group, involving
SDNS (first study) [11] and SRNS (second study) [14].

Steroid-dependent nephrotic syndrome Ravani et al. [11]
hypothesized that RTX and lower doses of prednisone and
calcineurin inhibitors (PCI) were non-inferior to standard
doses of corticosteroids in SDNS. The study includes ten
and six (FSGS and MCD) patients in the control group and
seven and 13 (FSGS and MCD) patients in the RTX
group. No renal biopsy results were available for 11 of
the control and seven of the RTX-treated patients. Pa-
tients were evenly split (27/27). Only SD patients were
included, but subjects dependent on high-dose predni-
sone (0.7 mg/kg/day) were excluded. The efficacy of
RTX was assessed by the percentage change in daily
proteinuria at 3 months in RTX children versus “stan-
dard” therapy. The aim was to prove that the proteinuria
geometric mean for the RTX group was less than three-
fold the geometric mean for the PCI group and by their
relapse rate.

There are problems with the study. It is unclear if the
power analysis is based on a non-inferiority-based mod-
el. Although the authors used stratified samples, they do
not state what the sample sizes are for the four groups
included in the study, namely, RTX/in patients showing
steroid toxicity, RTX/in patients not showing steroid
toxicity, PCl/in patients showing steroid toxicity, and
PCl/in patients not showing steroid toxicity. The authors
stated that RTX (375 mg/m?) was given once or twice
depending on the degree of steroid toxicity. Therefore,
there were two different dosing levels in the interven-
tion group. Missing values at 3 months in those com-
pleting the study are replaced with the last available
value. It is also unclear how many of the subjects with
SDNS were in relapse and how many were in remission
at the time of the randomization. It is evident from the
Results section that some patients in both groups had
massive proteinuria at the initiation of the trial, but the
proteinuria results (g/day) are presented using a loga-
rithmic scale that does not allow the reader to compare
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Table 3 Prospective, randomized control studies on rituximab

First author Number Number  Type of Pathology

of centers of patients patients

Other IS SD in RTX Response

SD SR MCD FSGS Remission Relapse
Ravani [11] 6 54 54 0 C%6,RG™ C:10,RG All ? Control group (27 patients):
13 7 48 % patients relapsed
at 3 months
RTX group (27 patients):
-18.5 % relapsed at 3 months
-50 % relapsed at 6 months
=75 % relapsed at 12 months
Magnasco [14] 4 31 0 31 C:3,RG:4 C:10,RG:9 All Active nephrotic None of the patients on RTX went

syndrome into remission after 3 months

SD, steroid dependent; SR, steroid resistant; MCD, minimal change disease; FSGS, focal segmental glomerulosclerosis; RTX, rituximab

¢, Control group
"RG, RTX group

and evaluate data at the individual level. Finally, by switching
16 of the controls to the RTX group at 3 months, the authors
nullified any analysis of comparative effects between the
control and RTX group after 3 months.

At 3 months, the relapse rate was 18.5 % in the RTX group
and 52 % in the control group. At 6 months the relapse rate in
the RTX group was 50 % and at the end of 12 months it was 75
%. Of the 16 patients of the control group that received RTX
after 3 months, 11 (69 %) continued relapsing despite the use of
RTX. Overall, given the difficulties of interpreting the data, the
gaps regarding patients’ description, the non-inferiority nature
of the study, the exclusion of those patients with more severe
steroid dependency, and the high relapse rate at the end of the
1 year of follow-up, it is difficult to suggest the use of RTX in
SDNS patients instead of conventional therapy.

Steroid-resistant nephrotic syndrome Magnasco et al. [14]
reported an open-label, randomized, controlled trial for RTX
in SRNS. All children continued prednisone and PCI at the dose
prescribed before enrollment. Two doses of RTX were given to
the RTX group. The study included 31 subjects (19 FSGS, 7
MCD, and 5 not determined). As in the study of Ravani et al.
[11], patients were followed for 3 months. The results were
rather disappointing. RTX did not did not reduce proteinuria at
3 months. The authors concluded that their data do not support
the addition of RTX to a therapeutic regimen of prednisone and
PCI in children with resistant INS to induce remission.

Mechanism of action
If we assume that there is a circulating factor released by T

cells in INS patients, then how would a treatment that works
on B cells influence the release of cytokines by the T cell?

A major problem with this approach is the fact that
despite numerous efforts in the last 30 years, there is as yet
no strong evidence supporting the existence of a circulating
factor released by lymphocytes in MCD [16]. The case for a
circulating factor is stronger in patients with FSGS. The
sudden massive proteinuria immediately after transplant
[17], the improvement or resolution of the proteinuria after
plasmapheresis [18], and the description of serum soluble
urokinase receptor (suPAR) as the pathogenic factor for
proteinuria [19] support the circulating factor hypothesis
for the increased glomerular permeability to plasma proteins
in these patients. However, it is interesting to observe that
FSGS patients, in whom the evidence for circulating
factor is stronger, are found to be the least responsive
to RTX therapy in the quoted studies in this review and
in the work by Vicenti et al. [20]

Role of B cells on T-cell activation and regulation There are
theoretical ways that B cells could impact T-cell activa-
tion or regulation. These include (1) cytokine secretion
and (2) expression of surface molecules which may
provide costimulatory signals by direct B-T cell contact.
B cells are known to secrete interleukin-10 (IL-10),
transforming growth factor-beta (TGF-beta) (known T-
regulatory cell inhibitors), tumor necrosis factor-alpha,
and IL-6, a known stimulator of Th17 cell proliferation.
B-cell failure to produce IL-10 and TGF-beta could lead
to inhibition of T-regulatory cell function that might
allow for T-cell activation [21]. Indeed, we have ob-
served a decrease in T-regulatory cell function in MCD
patients in relapse [22].

B cells also express CD80/86, MHCH, CD40, and OX40L
on their cell surface. These molecules can interact with
complementary molecules on the surface of the T cell,
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including CD28, peptide:TCR, CD40L, and OX40, re-
spectively resulting in enhancement (CD28, CD40L,
peptide:TCR) or inhibition ( OX40L) of the T-cell re-
sponse [21].

B-cell function in nephrotic syndrome Only a few studies
have addressed B-cell function in nephrotic syndrome.
Kemper et al. observed increased levels of both sCD23 (a
marker of B-cell activation) and sCD25 (a marker of T-cell
activation) during relapses of SDNS [23]. Cho et al. also
found a significantly higher expression of CD23 in freshly
isolated B cells from patients with active MCD [24]. These
findings have been presented as evidence of an important
role for B cells in the development of nephrotic syndrome.
Unfortunately, they only show that B cells are activated but
provide no clue if the activation induces T-cell activation to
release pathogenic cytokines. It is thus not known if this
represents a response to the nephrotic state, a response to
concomitant infections (such as respiratory tract infection)
that commonly occur in nephrotic syndrome, or whether it
has a true pathogenetic role in the disease process. In sum-
mary, there is no compelling evidence in INS that the RTX
effect on B cells results in the inhibition in the release by T
cell of the putative circulating factor.

Could RTX be directly affecting the podocyte? Proteinuria in
MCD and FSGS is currently considered the result of a
podocyte defect [25]. Indeed, several immunosuppressive
agents have been shown to have direct effects on podocytes
in addition to their effect on the immune system. These
agents include prednisone and calcineurin agents [26, 27].

Fornoni et al. [28] recently reported that RTX also binds to
human podocytes. Of special interest is that this binding is not
due to the presence of CD20 receptors because cultured dif-
ferentiated human podocytes do not express CD20. The bind-
ing is the result of cross-reactivity of RTX with sphingomyelin
phosphodiesterase acid-like 3b (SMPDL-3b) protein. Further-
more, according to these authors, RTX regulates the activity of
acid sphingomyelinase (ASMase) in raft microdomains. They
postulate that RTX preserves the podocyte sphingolipid-
related enzymes and thereby prevents actin cytoskeleton re-
modeling in these cells and subsequent proteinuria.

This evidence supports a potential direct effect of RTX on
SMPDL.-3Db protein but does not explain the role of suPAR in
FSGS nor the poor response to RTX observed in the majority
of FSGS patients. In addition, Niemann—Pick disease, which
is characterized by a lack of ASMase activity, presents with a
glomerulopathy, but the lesion is not associated with ne-
phrotic syndrome nor does it resemble FSGS [29]. There-
fore, although there are theoretical explanations for how
RTX could affect both T cells and podocytes, the direct
evidence that it may block proteinuria in MCD or FSGS
patients via these pathways is weak.

@ Springer

In summary, there is currently no good evidence from
clinical or experimental studies that RTX plays a role in the
treatment of MCD and FSGS proteinuria. There is a need for
a better understanding of the pathogenesis of the proteinuria
in these diseases and the potential role of RTX. Better
performed and well-defined randomized control studies of
RTX should be conducted before the use of this therapy can
be recommended.
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