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Abstract The idiopathic nephrotic syndrome in childhood
can be classified according to the International Study of
Kidney Disease in Children (ISKDC) based on the response
to steroids. Typically, steroid-sensitive nephrotic syndrome
(SSNS) is characterised by minimal changes in disease
(MCD) histology, whereas in steroid-resistant nephrotic syn-
drome (SRNS) focal segmental glomerulosclerosis (FSGS) is
the most prevalent lesion. Patients with SSNS may develop
frequent relapses and/or steroid dependency, which can be
difficult to treat. New studies confirm the value of calcineurin
inhibitors (CNIs) and mycophenolic acid in preventing re-
lapses of SSNS. Rituximab also plays an important role, but
many questions regarding initial dosing, repetitions of
courses, and long-term side effects remain unclear. SRNS,
especially when unresponsive to treatment, can lead to chronic
kidney disease. In particular, treatment with CNIs has im-
proved the prognosis and recent data indicate that treatment
can even be discontinued in many patients with full remission.
In CNI-unresponsive SRNS, rituximab is less effective than in
SSNS and the role of other biologicals (such as ofatumumab,
abatacept, and others) remains unclear. A significant propor-
tion of children with FSGS have genetic causes and most
patients do not respond to immunosuppression, although in-
dividual patients with partial and even complete response have
been documented. Future studies should evaluate treatments
leading to long-term remission without maintenance

immunosuppression in SSNS; in both genetic and immune-
mediated SRNS, novel options to decrease the number of
treatment-unresponsive patients seem mandatory, as they are
at a high risk of developing end-stage renal disease.
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Introduction

Idiopathic nephrotic syndrome can be classified according to
the International Study of Kidney Disease in Children
(ISKDC) into steroid-sensitive nephrotic syndrome (SSNS)
or steroid-resistant nephrotic syndrome (SRNS). The corre-
sponding histological lesions are typically minimal change
disease (MCD) and focal segmental glomerulosclerosis
(FSGS). For many years, both disorders were thought to be
immunological disorders, although in FSGS it is now known
that a significant proportion of patients have single-gene
causes of the nephrotic syndrome [1].

Treatment protocols for SSNS are still controversial: a
2007 analysis by the COCHRANE group concluded that in
SSNS, extended steroid treatment for more than 3 months
would result in lower risk of relapses, although this analysis
included unpublished studies [2]. Recently, three randomised
controlled studies could not find a benefit of prolonging ste-
roid treatment for 6 months compared with 8 or 12 weeks
[3–5]. Surprisingly, the rates of long-term remission
(>2 years) comparing short versus long treatment in Dutch
and Indian studies was only 20 vs 23% [3] and 17 vs 27%
[4], which is considerably less than in historical series, raising
the question of whether the natural history of SSNS has
changed. Only in the study by Yoshikawa et al. [4] was the
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2-year remission rate 50% in the 8-week group vs 57% in the
6-month group, somewhat better than in historical studies,
where the rate of long-term remission after 2 years was often
around 40%.

As prolongation of steroid treatment does not seem to be a
successful option, modification of the initial steroid treatment
should be evaluated. Although the addition of cyclosporine A
[5] did not improve long-term remission at 2 years, replace-
ment of steroids with other drugs may be an important future
option. Currently, a study using mycophenolate mofetil
(www.INTENT.de) has been initiated and another study
evaluating the use of levamisole at presentation is under way.

Alternative treatment of frequently relapsing
and steroid-dependent SSNS: new data

Several steroid-sparing agents in the treatment of relapsing
steroid-sensitive nephrotic syndrome are available.
Levamisole has been evaluated in a randomised controlled
study from the Netherlands and France and data are due to
be published. In preliminary communications, a reduction of
relapse rate of 20% compared with patients receiving placebo
was documented; patients with frequently relapsing nephrotic
syndrome had a superior response compared with patients
with steroid dependency [6].

This emphasises that there needs to be a distinction be-
tween these two groups, especially because FRNS seems to
have a better prognosis regarding long-term remission.
Another recently published study demonstrated that daily le-
vamisole resulted in better remission rates compared with his-
torical controls, receiving alternated day levamisole, which
has been used in most published series. Thus, higher doses
of levamisole may be an option for improving remission rates
in frequently relapsing nephrotic syndrome, especially as the
rate of side effects was not increased in this series [7].

Mycophenolate mofetil (MMF) has received major atten-
tion in the treatment of relapsing steroid-sensitive nephrotic
syndrome [8]. In a recently published randomised controlled
cross-over study by Gellermann et al. from the GPN, cyclo-
sporine A (CSA) was compared withMMF using a cross-over
design. It was shown that remission rates after 1 year were
superior with CSA (85% vs 64%), but renal function was
significantly better with MMF. Importantly, a post-hoc analy-
sis showed that patients with adequate MMF exposure
(prodrug MPA > 50 μg/h/ml) remission rates improved and
were comparable with those of CSA. Thus, pharmacokinetic
surveillance seems important during MMF treatment, espe-
cially if relapses occur [9]. In another recently published
randomised study, a superior response rate of the calcineurin
inhibitor (CNI) tacrolimus compared with MMF was docu-
mented. The proportion of patients with a favourable outcome
(defined as sustained remission or infrequent relapses) was

significantly higher with tacrolimus (90.3%) compared with
MMF (44.8%) [10].

Rituximab in steroid-sensitive nephrotic syndrome:
open questions

Rituximab (RTX) has become an important treatment option
in difficult-to-treat SSNS, especially in patients relapsing de-
spite maintenance immunosuppression with CSA or MMF.
Many reports and recent randomised studies are available
and are discussed elsewhere [11–16]. However, several open
questions regarding the use of RTX in SSNS remain. For
instance, details of initial treatment, i.e. dose and number of
infusions, have not been compared systematically in head-to-
head studies. The most frequent dose used was 375 mg/m2,
but other studies used 750 mg/m2 [11]. Retrospective studies
suggested that one or two infusions revealed comparable re-
sults compared with three to four infusions, but again, this
issue has not been addressed prospectively [11]; on the other
hand, Japanese patients receiving only a single dose had a
high rate of relapses after 1 year [17]. Some authors even
suggested repeated pre-emptive RTX infusions when B-cells
increase to extend B-cell depletion, but this has been aban-
doned recently owing to toxicity [18]. Although 63% of pa-
tients did not relapse with extended B-cell depletion, the rate
of long-term remission >2 years (41%) was not superior to
protocols not using this approach.

A reduction in initial dose (leading to similar remission
rates) may be an attractive option in reducing costs and the
risk of acute and long-term side effects. More immunological
studies in optimising patient selection and remission rates are
urgently needed, such as the study by Colluci et al., which
showed that the number of memory B-cells (IgM and
switchedmemory B-cells) is more relevant than the total num-
ber of B-cells (CD19 or CD20) in discriminating between
relapsers and non-relapsers [19].

A second unresolved issue concerns discontinuation of
maintenance immunosuppression. In most studies, mainte-
nance immunosuppression was stopped successfully after ad-
ministration of RTX, but studies from Japan suggested that
continuing treatment with MMF led to superior remission
rates [20]. The genetic background may be at least in part
responsible for this variation in response. In a recent study
from India [14], there was no difference in relapse rate be-
tween patients with pre-emptive MMF treatment and patients
in whomMMF was stopped; this study, however, was uncon-
trolled. In view of the good response rate of RTX in difficult-
to-treat SSNS, it may be intriguing to use RTX in less severe
cases, e.g. before cyclophosphamide or CNIs. This option has
been discussed [21], but no systematic data are available. Yet,
only 12 out of 15 patients in the randomised study by Ravani
et al. [22] had never received cyclophosphamide or CSA.
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Disappointingly, relapse-free survival in this group was only
66% and 34% at 1 and 2 years respectively, and thus similar to
cytotoxic treatment.

Lastly, side effects of RTX need to be addressed. Although
RTX is usually tolerated well, severe complications (including
death) have been described [23, 24], usually in conjunction
with other immunosuppressive treatment. Some acute side-
effects may be more frequent than thought. Kamei et al. ob-
served a high frequency of granulocytopenia after RTX, espe-
cially in young children [25]. Long-term follow-up studies on
immune function have not been performed systematically, but
the study from Colucci et al. [19] on memory B-cell function
shows that some of the actions of RTX are long-lasting and
may lead to long-term immune dysfunction.

Taken together, future studies regarding RTX use in SSNS
are urgently needed to optimise response rates and evaluate
and reduce the risk of side effects.

Steroid-resistant nephrotic syndrome/focal
segmental glomerulosclerosis: genetic versus
immune

The treatment and prognosis of SRNS has changed in recent
decades; in addition, major advances in elucidating the path-
ogenesis of FSGS have been made and it is now clear many
patients have single-gene mutations in structural proteins of
the podocyte, such as podocin [1]. Although progression into
end-stage kidney disease is frequent in these, the risk of recur-
rence after transplantation is low. Thus, genetic (familial)
forms of FSGS should be distinguished from immunological
(sporadic) forms, where response to immunosuppressive treat-
ment is possible; however, recurrence after renal transplanta-
tion remains a risk. Although the exact mechanisms of im-
mune dysfunction in immunological FSGS are unknown, re-
currence after renal transplantation is thought to be due to
production of a soluble permeability factor, e.g. by immune
cells.

Immunological (sporadic) FSGS prognosis of immune-
FSGS has improved considerably with the introduction of
CNIs, especially CSA [8]. Remission rates of 40–80.7% have
been reported, in part using concomitant high-dose steroid
pulses. It should be noted, however, that no testing for muta-
tions (podocin and others) was performed in old studies so that
response rates in truly non-genetic cases may be even higher.
CSA or tacrolimus are therefore the first-line treatment in
SRNS, especially since studies assessing the use of cyclophos-
phamide and MMF in SRNS have been disappointing [26,
27].

Recent data have shown that response to CSA seems to
occur rather rapidly after a median of 2 months [28], although
some patients need up to 4 years to enter complete remission
[29]. Thus, in patients with partial response—although there is

no accepted definition of this group—CNI treatment should
not be discontinued too early. Although most patients with
SSNS become CSA-dependent and discontinuation is not pos-
sible, the study by Klaassen et al. showed a different pattern in
SRNS. Discontinuation of CSA was possible in 79% of pa-
tients who entered complete remission and after a median
follow-up of 9.7 years, no further relapses off treatment oc-
curred in 11 out of 15 patients [29].

Rituximab in FSGS

In their first report in 2007, Bagga et al. had an excellent
response (3 with complete remission, 2 with partial remission)
to RTX in all 5 treated patients, including 3 with FSGS [30]. In
a controlled study, Magnasco et al. enrolled 31 children, half
of whom received RTX in addition to prednisone and CNIs.
There was no change in proteinuria after RTX, although a
remission of proteinuria was noted in 6 patients with delayed
resistance (i.e. patients with secondary steroid resistance), in-
dicating that this subgroup may respond differently [31].
Lastly, a follow-up study from Sinha confirmed that response
to RTX is inferior in SRNS compared with SSNS; no response
was seen in 70.7% of patients. There was a higher proportion
with MCD that showed remission compared with FSGS
(p < 0.011) [14]. In an interesting small series by Basu et al.,
10 out of 15 patients achieved complete and 5 achieved partial
remission when MMF was given after an initial lack of re-
sponse to RTX; most patients had MCD. Whether this proto-
col increases remission rates after RTX needs to be confirmed
by future studies, however [32]. Kamei et al. treated 10 pa-
tients with SRNS who were unresponsive to CNIs with RTX
and pulse steroids and was able to achieve remission in 6
children [25]. Although this approach needs to be confirmed
by a prospective, controlled study, it may be that a combina-
tion of RTX with other immunosuppressants (MMF, steroids
or others) may be successful in some patients with SRNS.

Genetic (familial) forms of FSGS

Although this has not yet been addressed prospectively, retro-
spective series have indicated that most patients with infantile
and genetic FSGS do not achieve remission with cyclosporine
[28]. In this study, children with infantile nephrotic syndrome,
e.g. due toWT1 and nephrin mutations, were included. On the
other hand, a single-centre study indicated that complete re-
sponse may occur in individual patients with genetic FSGS so
that—in view of the poor prognosis—a trial of CNIs seems
justified, especially because the genetic analysis usually re-
quires some time. This is supported by studies that document-
ed a podocyte-stabilising effect of cyclosporine [33].
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More recently published data indicate that other immuno-
suppressants such RTX also seem to interact with regulatory
elements of the cytoskeleton [34]. Fornoni et al. found that
RTX may bind directly on sphingomyelin phosphodiesterase
acid-like 3b protein (SMPDL3b); it is part of the phospholipid
membrane. Thus, RTX may also have an effect at the cellular
level and prevent SMPDL3b down-regulation in podocytes.

The first option in non-genetic SRNS is CNIs. However, in
genetic forms of SRNS, Büscher et al. demonstrated that most
patients with SRNS did not benefit from CSA. None of the
patients in the retrospective study with a genetic form of
SRNS showed a complete response to CSA, but 2 patients
with WT1 mutation showed partial remission. In contrast, 17
out of 31 patients (55%) without mutations achieved CR. The
rate of response to CSA was significantly better without mu-
tations in podocyte genes (68% vs 17%, p < 0.005) [28]. In
another recent multicentre study, Büscher et al. were able to
document a rate of 2% with complete and 16% with partial
remission in hereditary forms of SRNS [35]. Thus, they con-
firmed observations by Klaassen et al. showing that a com-
plete or partial response is possible and thus a trial of CNIs in
genetic forms of FSGS may be justified, especially as it usu-
ally takes some time before the results of testing are available
[29]. Currently, no controlled data are available as to how long
CNI treatment in genetic forms of SRNS should be continued,
but in the series by Büscher et al. and Klaessen et al., most
patients with complete remission responded after a median of
2 months. Thus, this period seems to be a minimum. It is
currently unknown, whether patients with distinct mutation,
e.g. in WT1 or NPHS2, show a differential response.

New biologicals and other options

As treatment-resistant FSGS carries a high risk of progressing
to end-stage renal disease (ESRD), attempts to achieve remis-
sion with other biological drugs are important. As response to
RTX, a non-humanised anti-CD20 antibody is less frequent in
FSGS use of a humanised anti-CD20 antibody, ofatumumab
may be more beneficial. Basu administered ofatumumab to 2
patients with MCD and 3 patients with FSGS. All received
multiple medications before this intervention, including two
courses of RTX. After ofatumumab, improvement of protein-
uria and an increase in the serum albumin levels from 1.2 g/dl
to 3.1 g/dl within 6 weeks was noted. Hypoalbuminemia re-
solved after the third dose and remission was achieved after
six doses. No serious side effects were reported [36]. These
preliminary data suggest that ofatumumab might be an alter-
native drug in RTX-resistant SRNS, but more RCTs are clear-
ly necessary and have been initiated recently [37].
Furthermore, ofatumumab may also be an alternative anti-
CD20 agent if RTX is not tolerated (Table 1) [38].

Anti-IL 2 antibodies

In 2015, a pilot case–control study with 5 patients who were
resistant to all available treatments, including RTX, was de-
signed by Bonanni et al., because IL2 blockade increases Treg
lymphocytes; up-regulation of Treg immunity improves ne-
phrotic syndrome in animal models. Unfortunately, in their
study, Bonanni did not ameliorate proteinuria and in all 5
children kidney disease had progressed after 2 years [39].

Fresolimumab

Trachtman et al. investigated the TGF-ß antibody
fresolimumab in 16 patients aged ≥18 years with primary
FSGS. Initially, fresolimumab was safe and well tolerated;
however, one patient was diagnosed with a primitive
neuroectodermal tumour 2 years post-treatment. Although
overall assessment suggested no significant change in protein-
uria, reduction of proteinuria was observed in 3 African–
American patients with no dose-related differences, suggest-
ing that further studies might be justified [40].

Abatacept

Abatacept is a fusion molecule composed of the Fc region of
IgG1 and CTLA-4-Ig (cytotoxic T-lymphocyte-associated
protein 4). It is a co-stimulatory inhibitor that targets B7–1
(CD80) and CD86 disrupting T-cell activation. In experimen-
tal models, B7–1 mediates podocyte injury and proteinuria by
disrupting the binding of talin to ß1-integrin; this could be
blocked by administering abatacept. Yu et al. treated 5 patients
with FSGS, including 4 with recurrence after renal transplan-
tation. B7–1 staining of podocytes in kidney biopsy speci-
mens was positive and after abatacept all 5 patients achieved
remission. The authors concluded that abatacept may be a
treatment option for B7–1-positive FSGS [41]. This optimistic
first report could not be confirmed by others, however. In a
study of 9 patients with recurrent FSGS, none responded to
abatacept, neither were the authors able to stain for B7–1 in
these and other renal biopsies; thus, further studies are clearly
needed [42].

ACTH

Adrenocorticotropic hormone was used for treatment of ne-
phrotic syndrome long before prednisolone and other drugs
were available; a recent review of the older literature nicely
demonstrates the therapeutic effects of ACTH in MCD [43].
However, it is less clear whether ACTH has an effect on
SRNS/FSGS. In a meta-analysis of 18 articles by
Kittanamongkolchai et al., 23% of patients were reported to
have achieved remission within 2 years; non-response in the
first year was 50%. In the studies analysed, a wide variation in
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treatment duration ranging from 2 to 48 out of 56 months was
noted. Sixty-eight percent were treated with natural ACTH
(80–224 units/week) and 32% received synthetic ACTH
(0.25–3.3 mg/week). A head-to-head comparison between
the two does not exist. There is also no direct comparison with
oral steroids and side-effects may be relevant (e.g. oedema and
insomnia) [44].

In summary, further studies are needed, with concrete and
standardised protocols [45].

Adalimumab and galactose

Trachtman et al. evaluated treatment of FSGS using the
TNF-α-inhibiting antibody adalimumab and galactose.
Adalimumab reduces the autoimmune response to TNF-α
and is used successfully in various auto-immune disorders
such as rheumatoid arthritis. However, none of the patients
with FSGS assigned to adalimumab achieved a 50% reduction
in proteinuria; thus, this treatment does not seem to be a prom-
ising agent for further studies in this cohort. In the same study,
2 out of 7 patients with FSGS had a 50% reduction in protein-
uria after galactose, confirming previous case reports; the au-
thors concluded that further studies using galactose should be
performed and, for example, patients with earlier disease
stages should be treated [46].

Non-immunological alternative treatment
in idiopathic nephrotic syndrome

Non-immunological alternative treatment options have not
been addressed systematically, but anecdotal reports are avail-
able, for example, on dietary interventions in SSNS. In a re-
cent study, 5 patients on a gluten-free diet were able to achieve
long-term remission [47], but these interventions clearly re-
quire controlled studies. For instance, 40 years ago a report on
a milk–protein-free diet in SSNS was reported by Sandberg
et al. [48], but this observation could not be confirmed later.

Experimental studies have shown that stimulation of the
calcium-sensing receptor is capable of increasing podocyte
stability and thus cinacalcet (or vitamin D) may be an option
for improving proteinuria in nephrotic syndrome. Data on
cinacalcet are not yet available, but a recent meta-analysis in
IgA nephropathy suggested an effect of vitamin D supplemen-
tation [49]. In children with MCD vitamin D deficiency has
been reported [50], but many questions remain open, for ex-
ample, the impact of renal losses of vitamin D-binding glob-
ulin during relapse. Also, no controlled data are available that
confirm a reduction of relapse rates using vitamin D supple-
mentation. It seems that these non-toxic and non-
immunological treatment strategies warrant further studies in
MCD, but especially FSGS.

Conclusion

Recent studies have confirmed the important role of CNIs and
MMF in the treatment of relapsing steroid-sensitive nephrotic
syndrome. Although the latter seems to be less effective, side
effects are fewer and with adequate pharmacokinetic monitor-
ing, clinical response may improve remission rates. RTX is of
major importance in multiple drug-dependent SSNS, but
many questions regarding the dosing, repetition and long-
term side effects remain unanswered. Future studies are need-
ed to assess the anecdotal positive experience and compare it
with alternative treatment with a gluten-free diet and vitamin
D. The ultimate goal in the treatment of SSNS is to achieve a
cure, i.e. that patients remain in long-term remission for on-
going or future treatments.

Most steroid-resistant NS patients with mutations in
podocyte or other genes seem resistant to immunosuppressive
treatment. Yet, because individual patients show partial or
even complete response, a trial, preferably with CNIs, seems
justified, especially because these drugs have been shown a
podocyte-stabilising effect. CNIs are the first-line treatment in
non-genetic (immunological) FSGS, leading to a complete
response in many, but not all patients. These new biologicals
may improve remission rates; RTX may be effective, but re-
sults are less favourable than in SSNS. More studies are need-
ed, as reporting bias should be considered and a variety of
alternative agents have been unsuccessful in controlled stud-
ies. Nevertheless, in every additional patient with SRNS
responding to treatment, end-stage renal disease will likely
be prevented and should be regarded as a success.

Compliance with ethical standards

Conflicts of interest The authors declare that they have no conflicts of
interest.

References

1. Sadowski CE, Lovric S, Ashraf S, Pabst WL, Gee HY, Kohl S,
Engelmann S, Vega-Warner V, Fang H, Halbritter J, Somers MJ,
Tan W, Shril S, Fessi I, Lifton RP, Bockenhauer D, El-Desoky S,
Kari JA, Zenker M, Kemper MJ, Mueller D, Fathy HM, Soliman
NA, SNRSStudy Group, Hildebrandt F (2015) A single-gene cause
in 29.5% of cases of steroid-resistant nephrotic syndrome. J Am
Soc Nephrol 26:1279–1289

2. Hodson EM, Willis NS, Craig JC (2007) Corticosteroid therapy for
nephrotic syndrome in children. Cochrane Database Syst Rev (4):
CD001533

3. Teeninga N (2012) Extending prednisolone treatment does not re-
duce relapses in childhood nephrotic syndrome. J Am Soc Nephrol
24:149–159

4. Yoshikawa N, Nakanishi K, Sako M, Oba MS, Mori R, Ota E,
Ishikura K, Hataya H, Honda M, Ito S, Shima Y, Kaito H, Nozu
K, Nakamura H, Igarashi T, Ohashi Y, Iijima K, Japanese Study
Group of Kidney Disease in Children (2015) A multicenter

Pediatr Nephrol (2018) 33:1641–1649 1647



randomized trial indicates initial prednisolone treatment for child-
hood nephrotic syndrome for two months is not inferior to six-
month treatment. Kidney Int 87:225–232

5. Hoyer PF, Brodeh J (2006) Initial treatment of idiopathic nephrotic
syndrome in children: prednisone versus prednisone plus cyclo-
sporine a: a prospective, randomized trial. J Am Soc Nephrol 17:
1151–1157

6. GruppenM, Davin J, Bouts A (2016) Levamisole increases the time
to relapse in children with steroid-sensitive idiopathic nephrotic
syndrome: results of a multi-center, double-blind, placebo-con-
trolled, randomized clinical trial. Pediatr Nephrol 31:1753

7. Abeyagunawardena AS, Karunadasa U, Jayaweera H, Thalgahagoda
S, Tennakoon S, Abeyagunawardena S (2017) Efficacy of higher-
dose levamisole in maintaining remission in steroid-dependent ne-
phrotic syndrome. Pediatr Nephrol 32:1363–1367

8. Van Husen M, Kemper MJ (2011) New therapies in steroid-
sensitive and steroid-resistant idiopathic nephrotic syndrome.
Pediatr Nephrol 26:881–892

9. Gellermann J, Weber L, Pape L, Tonshoff B, Hoyer P, Querfeld U,
Gesellschaft für Pädiatrische Nephrologie (2013) Mycophenolate
mofetil versus cyclosporin a in children with frequently relapsing
nephrotic syndrome. J Am Soc Nephrol 24:1689–1697

10. Sinha A, Gupta A, Kalaivani M, Hari P, Dinda AK, Bagga A (2017)
Mycophenolate mofetil is inferior to tacrolimus in sustaining remis-
sion in children with idiopathic steroid-resistant nephrotic syn-
drome. Kidney Int 92:248–267

11. Kemper MJ, Lehnhardt A, Zawischa A, Oh J (2014) Is rituximab
effective in childhood nephrotic syndrome? Yes and no. Pediatr
Nephrol 29:1305–1311

12. Iijima K, SakoM, Nozu K (2015) Rituximab treatment for nephrot-
ic syndrome in children. Curr Pediatr Rep 3:71–77

13. Iijima K, Sako M, Nozu K (2017) Rituximab for nephrotic syn-
drome in children. Clin Exp Nephrol 21:193–202

14. Sinha A, Bhatia D, Gulati A, Rawat M, Dinda AK, Hari P, Bagga A
(2015) Efficacy and safety of rituximab in children with difficult-to-
treat nephrotic syndrome. Nephrol Dial Transplant 30:96–106

15. Kemper MJ, Gellermann J, Habbig S, Krmar RT, Dittrich K,
Jungraithmayr T, Pape L, Patzer L, Billing H, Weber L, Pohl M,
Rosenthal K, Rosahl A,Mueller-Wiefel DE, Dotsch J (2012) Long-
term follow-up after rituximab for steroid-dependent idiopathic ne-
phrotic syndrome. Nephrol Dial Transplant 27:1910–1915

16. Iijima K, SakoM, Nozu K, Mori R, Tuchida N, Kamei K, Miura K,
Aya K, Nakanishi K, Ohtomo Y, Takahashi S, Tanaka R, Kaito H,
Nakamura H, Ishikura K, Ito S, Ohashi Y, Rituximab for
Childhood-onset Refractory Nephrotic Syndrome Study Group
(2014) Rituximab for childhood-onset, complicated, frequently re-
lapsing nephrotic syndrome or steroid-dependent nephrotic syn-
drome: a multicentre, double-blind, randomised, placebo-
controlled trial. Lancet 384:1273–1281

17. Kamei K, Ito S, Nozu K, Fujinaga S, Nakayama M, Sako M, Saito
M, Yoneko M, Iijima K (2009) Single dose of rituximab for refrac-
tory steroid-dependent nephrotic syndrome in children. Pediatr
Nephrol 24:1321–1328

18. Sellier-Leclerc AL, Baudouin V, Kwon T, Macher MA, Guerin V,
Lapillonne H, Deschenes G, Ulinski T (2012) Rituximab in steroid-
dependent idiopathic nephrotic syndrome in childhood—follow-up
after CD19 recovery. Nephrol Dial Transplant 27:1083–1089

19. Colucci M, Carsetti R, Cascioli S, Casiraghi F, Perna A, Rava L,
Ruggiero B, Emma F, Vivarelli M (2016) B cell reconstitution after
rituximab treatment in idiopathic nephrotic syndrome. J Am Soc
Nephrol 27:1811–1822

20. Ito S, Kamei K, Ogura M, Udagawa T, Fujinaga S, Saito M, Sako
M, Iijima K (2013) Survey of rituximab treatment for childhood-
onset refractory nephrotic syndrome. Pediatr Nephrol 28:257–264

21. Dotsch J, Muller-Wiefel DE, Kemper MJ (2008) Rituximab: is
replacement of cyclophosphamide and calcineurin inhibitors in

steroid-dependent nephrotic syndrome possible? Pediatr Nephrol
23:3–7

22. Ravani P, Rossi R, Bonanni A, Quinn RR, Sica F, Bodria M, Pasini
A, Montini G, Edefonti A, Belingheri M, De Giovanni D, Barbano
G, Degl'Innocenti L, Scolari F, Murer L, Reiser J, Fornoni A,
Ghiggeri GM (2015) Rituximab in children with steroid-dependent
nephrotic syndrome: a multicenter, open-label, noninferiority, ran-
domized controlled trial. J Am Soc Nephrol 26:2259–2266

23. Tsutsumi Y, Kanamori H,Mori A, Tanaka J, AsakaM, Imamura M,
Masauzi N (2005) Reactivation of hepatitis B virus with rituximab.
Expert Opin Drug Saf 4:599–608

24. Chaumais MC, Garnier A, Chalard F, Peuchmaur M, Dauger S,
Jacqz-Agrain E, Deschenes G (2009) Fatal pulmonary fibrosis after
rituximab administration. Pediatr Nephrol 24:1753–1755

25. Kamei K, Okada M, Sato M, Fujimaru T, Ogura M, Nakayama M,
Kaito H, Iijima K, Ito S (2014) Rituximab treatment combined with
methylprednisolone pulse therapy and immunosuppressants for
childhood steroid-resistant nephrotic syndrome. Pediatr Nephrol
29:1181–1187

26. Gipson DS, Trachtman H, Kaskel FJ, Greene TH, Radeva MK,
Gassman JJ, Moxey-Mims MM, Hogg RJ, Watkins SL, Fine RN,
Hogan SL, Middleton JP, Vehaskari VM, Flynn PA, Powell LM,
Vento SM, McMahan JL, Siegel N, D’Agati VD, Friedman AL
(2011) Clinical trial of focal segmental glomerulosclerosis in chil-
dren and young adults. Kidney Int 80:868–878

27. Plank C, Kalb V, Hinkes B, Hildebrandt F, Gefeller O, Rascher W
(2008) Cyclosporin A is superior to cyclophosphamide in children
with steroid-resistant nephrotic syndrome—a randomized con-
trolled multicentre trial by the Arbeitsgemeinschaft für
Pädiatrische Nephrologie. Pediatr Nephrol 23:1483

28. Büscher AK, Kranz B, Büscher R, Hildebrandt F, Dworniczak B,
Pennekamp P, Kuwertz-Broking E, Wingen AM, John U, Kemper
M, Monnens L, Hoyer PF, Weber S, Konrad M (2010)
Immunosuppression and renal outcome in congenital and pediatric
steroid-resistant nephrotic syndrome. Clin J Am Soc Nephrol 5:
2075–2084

29. Klaassen I, Ozgoren B, Sadowski CE, Moller K, van Husen M,
Lehnhardt A, Timmermann K, Freudenberg F, Helmchen U, Oh J,
Kemper MJ (2015) Response to cyclosporine in steroid-resistant
nephrotic syndrome: discontinuation is possible. Pediatr Nephrol
30:1477–1483

30. Bagga A, Sinha A, Moudgil A (2007) Rituximab in patients with the
steroid-resistant nephrotic syndrome. N Engl J Med 356:2751–2752

31. Magnasco A, Ravani P, Edefonti A, Murer L, Ghio L, Belingheri
M, Benetti E, Murtas C, Messina G, Massella L, Porcellini MG,
Montagna M, Regazzi M, Scolari F, Ghiggeri GM (2012)
Rituximab in children with resistant idiopathic nephrotic syndrome.
J Am Soc Nephrol 23:1117–1124

32. Basu B, Mahapatra TK, Mondal N (2015) Mycophenolate mofetil
following rituximab in childrenwith steroid-resistant nephrotic syn-
drome. Pediatrics 136:e132–e139

33. Faul C, Donnelly M, Merscher-Gomez S, Chang YH, Franz S,
Delfgaauw J, Chang JM, Choi HY, Campbell KN, Kim K, Reiser
J, Mundel P (2008) The actin cytoskeleton of kidney podocytes is a
direct target of the antiproteinuric effect of cyclosporine A. Nat
Med 14:931–938

34. Fornoni A, Sageshima J, Wei C, Merscher-Gomez S, Aguillon-
Prada R, Jauregui AN, Li J, Mattiazzi A, Ciancio G, Chen L,
Zilleruelo G, Abitbol C, Chandar J, Seeherunvong W, Ricordi C,
Ikehata M, Rastaldi MP, Reiser J, Burke GW 3rd (2011) Rituximab
targets podocytes in recurrent focal segmental glomerulosclerosis.
Sci Transl Med 3:85ra46

35. Büscher AK, Beck BB, Melk A, Hoefele J, Kranz B, Bamborschke
D, Baig S, Lange-Sperandio B, Jungraithmayr T, Weber LT,
Kemper MJ, Tonshoff B, Hoyer PF, Konrad M, Weber S, German
Pediatric Nephrology A (2016) Rapid response to Cyclosporin A

1648 Pediatr Nephrol (2018) 33:1641–1649



and favorable renal outcome in nongenetic versus genetic steroid-
resistant nephrotic syndrome. Clin J Am Soc Nephrol 11:245–253

36. Basu B (2014) Ofatumumab for rituximab-resistant nephrotic syn-
drome. N Engl J Med 370:1268–1270

37. Ravani P, Bonanni A, Ghiggeri GM (2017) Randomised controlled
trial comparing ofatumumab to rituximab in children with steroid-
dependent and calcineurin inhibitor-dependent idiopathic nephrotic
syndrome: study protocol. BMJ Open 7:e013319

38. Vivarelli M, Colucci M, Bonanni A, Verzani M, Serafinelli J, Emma
F, Ghiggeri G (2017) Ofatumumab in two pediatric nephrotic syn-
drome patients allergic to rituximab. Pediatr Nephrol 32:181–184

39. Bonanni A, Bertelli R, Rossi R, Bruschi M, Di Donato A, Ravani P,
Ghiggeri GM (2015) A pilot study of IL2 in drug-resistant idiopath-
ic nephrotic syndrome. PLoS One 10:e0138343

40. Trachtman H, Fervenza FC, Gipson DS, Heering P, Jayne DR,
Peters H, Rota S, Remuzzi G, Rump LC, Sellin LK, Heaton JP,
Streisand JB, HardML, Ledbetter SR, Vincenti F (2011) A phase 1,
single-dose study of fresolimumab, an anti-TGF-beta antibody, in
treatment-resistant primary focal segmental glomerulosclerosis.
Kidney Int 79:1236–1243

41. Yu CC, Fornoni A, Weins A, Hakroush S, Maiguel D, Sageshima J,
Chen L, Ciancio G, Faridi MH, Behr D, Campbell KN, Chang JM,
Chen HC, Oh J, Faul C, Arnaout MA, Fiorina P, Gupta V, Greka A,
Burke GW 3rd, Mundel P (2013) Abatacept in B7-1-positive pro-
teinuric kidney disease. N Engl J Med 369:2416–2423

42. Delville M, Baye E, Durrbach A, Audard V, Kofman T, Braun L,
Olagne J, Nguyen C, Deschenes G, Moulin B, Delahousse M,
Kesler-Roussey G, Beaudreuil S, Martinez F, Rabant M, Grimbert
P, Gallazzini M, Terzi F, Legendre C, Canaud G (2016) B7-1 block-
ade does not improve post-transplant nephrotic syndrome caused by
recurrent FSGS. J Am Soc Nephrol 27:2520–2527

43. Lieberman KV, Pavlova-Wolf A (2017) Adrenocorticotropic hor-
mone therapy for the treatment of idiopathic nephrotic syndrome in
children and young adults: a systematic review of early clinical
studies with contemporary relevance. J Nephrol 30:35–44

44. Kittanamongkolchai W, Cheungpasitporn W, Zand L (2016)
Efficacy and safety of adrenocorticotropic hormone treatment in
glomerular diseases: a systematic review and meta-analysis. Clin
Kidney J 9:387–396

45. Madan A, Mijovic-Das S, Stankovic A, Teehan G, Milward AS,
Khastgir A (2016) Acthar gel in the treatment of nephrotic syn-
drome: a multicenter retrospective case series. BMCNephrol 17:37

46. Trachtman H, Vento S, Herreshoff E, Radeva M, Gassman J, Stein
DT, Savin VJ, SharmaM, Reiser J, Wei C, SomersM, Srivastava T,
GipsonDS (2015) Efficacy of galactose and adalimumab in patients
with resistant focal segmental glomerulosclerosis: report of the font
clinical trial group. BMC Nephrol 16:111

47. Lemley KV, Faul C, Schramm K, Meyers K, Kaskel F, Dell KM,
Gipson DS, Gibson K, Trachtman H (2016) The effect of a gluten-
free diet in children with difficult-to-manage nephrotic syndrome.
Pediatrics. 138(1):e20154528. https://doi.org/10.1542/peds.2015-
4528

48. Sandberg DH, Bernstein CW, McIntosh RM, Carr R, Strauss J
(1977) Severe steroid-responsive nephrosis associated with hyper-
sensitivity. Lancet 1:388–391

49. Deng J, Zheng X, Xie H, Chen L (2017) Calcitriol in the treatment
of IgA nephropathy with non-nephrotic range proteinuria: a meta-
analysis of randomized controlled trials. Clin Nephrol 87:21–27

50. Banerjee S, Basu S, Sengupta J (2013) Vitamin D in nephrotic
syndrome remission: a case-control study. Pediatr Nephrol 28:
1983–1989

Pediatr Nephrol (2018) 33:1641–1649 1649

https://doi.org/10.1542/peds.2015-4528
https://doi.org/10.1542/peds.2015-4528

	Difficult-to-treat idiopathic nephrotic syndrome: established drugs, open questions and future options
	Abstract
	Introduction
	Alternative treatment of frequently relapsing and steroid-dependent SSNS: new data
	Rituximab in steroid-sensitive nephrotic syndrome: open questions
	Steroid-resistant nephrotic syndrome/focal segmental glomerulosclerosis: genetic versus immune
	Rituximab in FSGS
	Genetic (familial) forms of FSGS
	New biologicals and other options
	Anti-IL 2 antibodies
	Fresolimumab
	Abatacept
	ACTH
	Adalimumab and galactose

	Non-immunological alternative treatment in idiopathic nephrotic syndrome
	Conclusion
	References


