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Childhood idiopathic nephrotic syndrome is rare but repre-
sents the most common glomerular disease in the pediatric
cohort. Glucocorticoid (steroid) treatment depicts the corner-
stone of both treatment of initial episode as well as relapse.
Sensitivity to steroids is of high importance for prognosis.

Pediatric nephrologists throughout the world would prob-
ably subscribe to these statements. Thereafter, however, man-
agement of the disease is dependent on individual experience
and attitude rather than adherence to concerted recommenda-
tions. Consequently, more recent practice guidelines on man-
agement of pediatric nephrotic syndrome [1–3] do not neces-
sarily conform in detail and leave room for interpretation.
Variability of physicians’ adherence to these recommenda-
tions is potentially a result of a lack of evidence from random-
ized controlled studies [4–6], and treatment protocols in the
real world may follow experiential (tacit) and empirical

knowledge in decision-making rather than scientific evidence
[5].

The short version of the updated German best practice
guideline on pediatric idiopathic steroid-sensitive nephrotic
syndrome (SSNS) published in this issue of Pediatric
Nephrology [7] reflects the body of evidence until the end of
2019 and acknowledges the personal experience of a highly
qualified guideline committee. This German guideline thus
summarizes current knowledge and experience and gives best
practice recommendations at a defined time point. However,
since scientific activities on different aspects of therapy are
ongoing and more recently published studies may have the
potential to challenge certain statements of our guideline, we
highly appreciate the invitation of the Editorial Board to com-
ment on them, thereby continuing the steady discussion on
best practice treatment.
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In the following, we further address important issues raised
by the high-quality review process that could not be imple-
mented in the guideline report without undermining the strict
creation process of the guideline. The subsequent main two
topics also reflect the lack of distinct evidence and the corre-
sponding variable approach driven by expertise.

& Standardized alternative treatment protocol of complicat-
ed courses of SSNS, namely frequently relapsing nephrot-
ic syndrome (FRNS) and steroid-dependent nephrotic
syndrome (SDNS)

In clinical practice, we are often confronted with the wish
for a standardized alternative treatment protocol for compli-
cated courses of SSNS. Likewise, this wish appeared in the
review process of our guideline that lists alternative immuno-
suppressive drugs to avoid toxicity of repeated or long-term
courses of steroid therapy and grades the corresponding state-
ments according to the rating guideline used by KDIGO [3].
Recommendations on a hierarchical order, however, cannot
be given due to a lack of randomized controlled head-to-
head comparative studies. We strongly believe that children
suffering from complicated courses of nephrotic syndrome
should be cared for by specialized institutions with a focus
on pediatric nephrology, since decision-making on therapeutic
management is highly individual. Decision-making is depen-
dent on factors concerning the health care provider such as
experiential and empirical knowledge, personal preferences or
recent patient experiences as well as patient characteristics
such as family preferences, ethnicity, meaning of potential
drug toxicity to the individual patient, and individual experi-
ences with response and adherence to drug treatments [5]. Our
guideline recommends mycophenolate mofetil (MMF) or cal-
cineurin inhibitors (CNIs) to begin steroid-sparing alternative
treatment when indicated and reserves rituximab for non-
responders and those with explicit side effects. More general-
ly, pediatric nephrologists might indicate MMF as their first
choice based on a favorable side effect profile compared to
CNIs with nephrotoxicity being the most important limitation
[4]. The randomized controlled trial (RCT) performed by the
German Society for Pediatric Nephrology (GPN) showed
higher efficacy of cyclosporine (CsA) versusMMF in patients
with FRNS [8]. This crossover study indicated a potential
carry-over effect of CsA with more relapses per patient per
year with MMF than with CsA during the first, but not during
the second year. Superior efficacy of CsA disappeared when
the group of patients with adequate exposure to mycophenolic
acid (MPA) (MPA area under the curve > 50 mg × h/L) was
analyzed post hoc, indicating the importance of therapeutic
drug monitoring for MMF. Combination of drugs may be
more effective than monotherapy and can be an option in
difficult-to-treat patients [9, 10]. Our guideline reserves ritux-
imab for patients that fail under therapy with CNIs orMMF or

experience severe side effects under these medications. Future
study results may challenge this assessment. Ravani et al.
showed non-inferiority of a single dose of rituximab toward
steroid therapy in children with SDNS in terms of percentage
change of proteinuria in follow-up [11]. Of note, patients with
prior CNI therapy had been excluded from study participation.
Both patient groups were weaned off steroids shortly after
study entry. It was therefore no surprise that patients in the
rituximab group did better than those in the control group who
were divested exactly the therapy that had kept them in remis-
sion beforehand. In addition, patient number was small (n =
30) and comprised only patients being responsive to rather
low doses of maintenance steroids. The most interesting find-
ing of this trial is reflected by long-term remission of 8/15
patients after 4 years of single rituximab application. This
number is distinctly higher than that reported in children with
multidrug dependence [12] and challenges the finding in
Japanese patients, who experienced a high rate of relapses
within the first year after a single dose of rituximab [13].
Another trial from the same group compared a rituximab
biosimilar versus low-dose MMF in children with SDNS
[14]. This trial was stopped prematurely due to high rates of
relapse in the MMF arm. The reason to choose substandard
dosing of MMF in this study remains unexplained.
Therapeutic drug monitoring of MMF had not been per-
formed. It remains unclear whether the risk of relapse in the
MMF arm had been a consequence of insufficient exposure to
mycophenolic acid.

We do not recommend performing a kidney biopsy before
starting alternative steroid-sparing maintenance therapy in
SSNS unless presentation as nephritic syndrome or suspected
systemic disease. The nephrotoxic burden of CNIs is occa-
sionally mentioned as an argument for an initial finding. We
do not share this attitude, taking the potential complications of
the procedure into account [15, 16]. Figure 1 shows a potential
treatment algorithm for FRNS and SDNS in the pediatric
cohort.

We are well aware of variable opinions on when to start
alternative treatment in the course of the disease. Physicians
may not wait for steroid-associated side effects but would
prefer to consider cumulative steroid dose and the correspond-
ing risk of side effects for intervention. Again, decision-
making will be influenced by patients’ as well as physicians’
concerns as described above. The same holds true for the
duration of alternative treatment. Its optimal duration is cur-
rently unknown. Very early reports describe an omission at-
tempt after 6 months of therapy [17, 18]. Newer recommen-
dations depict a treatment duration of at least 12 months for
CNIs [3] and several years for MMF [9]. Others even abstain
from recommending any timeframe [19]. A recent survey
among Dutch pediatricians and pediatric nephrologists re-
vealed a majority going for 12 to 24 months duration of main-
tenance therapy for FRNS and SDNS [4]. High risk of relapse
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after cessation of alternative treatment is reported uniformly.
Restart of alternative treatment, however, results in stable re-
mission [20]. Therefore, tentative discontinuation of alterna-
tive treatment after stable remission for 1–4 years does not
come with unacceptable future risk of numerous relapses,
but may be helpful to reduce potential side effects evoked
by long-term use.

& Steroids for initial therapy and treatment of relapse

The treatment with prednisone in the “lowest dose re-
quired” to maintain remission is common in many countries.
The British Association of Paediatric Nephrology and the
Indian Pediatric Nephrology Group recommend long-term
low-dose administration of prednisone in FRNS to prevent
relapse. The KDIGO guidelines also suggest (level of

evidence 2D) to use the lowest possible steroid dose to main-
tain remission and, if an alternating dosing regimen is not
successful, to switch to daily administration of the same dose
[3]. Since the evidence is low (no RCTs) and the empirically
based recommendations are not proven, this approach can
only be considered in individual cases. A recent RCT from
India showed that daily administration of prednisolone was
more effective than alternate-day prednisolone in a similar
cumulative dose in preventing relapses during a 12-month
observational period [21]. Patients in this study had a rather
mild course of the disease. Relatively short follow-up poten-
tially resulted in underreporting of long-term side effects such
as osteoporosis and behavioral effects. Further confirmation
of study results is therefore necessary, also considering poten-
tial impact on the hypothalamus-pituitary-adrenal axis.
Nevertheless, this study speaks for low-dose daily rather than

Fig. 1 Potential algorithm for alternative immunosuppressive treatment
of FRNS and SDNS. Abbreviations: BSA, body surface area; CNI,
calcineurin inhibitor; FRNS, frequently relapsing nephrotic syndrome;

MMF, mycophenolate mofetil; MPA, mycophenolic acid; SDNS,
steroid-dependent nephrotic syndrome
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alternate-day prednisolone tomaintain remission in FRNS and
SDNS.

Reducing steroid toxicity is a primary issue in current man-
agement of childhood nephrotic syndrome.While treatment of
the initial episode is fairly well established with a number of
RCTs that did not show any benefit of longer duration of
initial steroid therapy [22–25], duration and dose in relapse
treatment are more variable. The PROPINE (Prospective
Randomized study to Optimize Prednisone therapy for re-
lapses of Idiopathic NEphrotic syndrome in children) study
from Italy compared a short treatment arm (36 days) versus a
long treatment arm (72 days) for relapse from day 5 after
remission using the same cumulative dose of prednisone
[26]. The relapse rate was not different between the groups
at 6 and 12months. No difference in adverse events was noted
between the groups. This study shows that it is not reasonable
to prolong treatment schedules for relapse of nephrotic syn-
drome. The strength of this study was a secondary crossover
design that allowed comparison of both treatment arms in the
same patient and revealed similar results. Importantly, the
primary study was slightly underpowered. A different ap-
proach was chosen in the study by Kainth et al. from India,
who evaluated the efficacy of prednisolone as a “short regi-
men” (40 mg/m2 on alternate days for 2 weeks) compared
with “standard regimen” (40 mg/m2 on alternate days for 4
weeks) for children aged 1–16 years who achieved remission
of a relapse in a single-center, open-label, randomized con-
trolled non-inferiority trial [27]. Even though non-inferiority
could not be established, the short steroid treatment for relapse
resulted in a similar proportion of patients developing frequent
relapses or steroid dependence and resulted in a significantly
lower cumulative steroid dose, yet steroid-related adverse
events were similar in both groups. The ongoing RESTERN
study (double-blind, randomized, placebo-controlled, non-
inferiority intervention study to REduce STEroids in
Relapsing Nephrotic syndrome; EudraCT 2016-002430-76)
addresses the same topic, also in a non-inferiority design
[28]. In the future, the results of the two latter studies may
have the potential to change the recommendation on the du-
ration of alternate-day steroid in treatment of relapses of SSNS
in children toward a reduction to 2 weeks after remission has
been achieved.

Very recently, Sheikh et al. published the results of an RCT
comparing prednisolone 1mg/kg/day (low dose) and 2mg/kg/
day (standard dose) as relapse treatment in a pediatric cohort
with SSNS [29]. This trial could show non-inferiority of the
low-dose arm regarding time to remission. After achieving
remission, both study arms were treated in the same manner
with prednisolone 1.5 mg/kg on alternating days for another 4
weeks. There was a tendency toward more relapses as well as
of being diagnosed with FRNS or SDNS more often in the
low-dose arm over the follow-up of 1 year. This might explain
that there was no difference in the cumulative steroid dose in

the entire follow-up between the groups. This may raise the
question of which end points should be used when the study
target is reduced exposure to steroids. Of note, younger chil-
dren below the age of 4 to 6 years may have an advantage of
an extended course of steroids in the first flare [24, 25, 30].
There are currently two ongoing clinical trials of 3 versus 6
months: a Chinese trial in children under 6 years
(NCT04536181) and an Indian trial in children under 4 years
(CTRI/2015/06/005939) to challenge the conclusion of the
recent Cochrane update [31] against extended initial steroid
duration [32]. Results of these trials may open the door for a
more individual age-dependent treatment approach.

International [33] and national [4] surveys depict consider-
able differences in the maximal daily dose of steroids ranging
from 60 to 80 to 100 mg. With respect to the general steroid
minimizing approach, a maximum daily dose is to be debated.
There is high inter-individual variability in the response to
steroid treatment [34]. Pharmacogenetics can have an influ-
ence on both pharmacokinetics and pharmacodynamics of
steroids in the individual patient. Large-scale studies are need-
ed to draw final conclusions on individual steroid response.
Up to the present time, there is personal experience of a higher
than 60 mg daily steroid requirement in individual patients
with body surface area beyond 1.5 m2.

This commentary would not be complete without pointing
to a number of ongoing trials sharing the potential to influence
future updates of our guideline:

& Mycophenolate mofetil as maintenance therapy after ri-
tuximab treatment for childhood-onset, complicated,
frequently-relapsing nephrotic syndrome or steroid-
dependent nephrotic syndrome: a multicenter double-
blind, randomized, placebo-controlled trial (JSKDC07);

& Compare Efficacy and Safety of Repeated Courses of
Rituximab to That of Maintenance Mycophenolate
Mofetil Following Single Course of Rituximab Among
Children With Steroid Dependent Nephrotic Syndrome
(RITURNS II) (NCT03899103);

& Prevention of relapse with levamisole as adjuvant therapy
to corticosteroids in childrenwith first episode of idiopath-
ic nephrotic syndrome (LEARNS) (EudraCT: 2017-
001025-41);

& Efficiency of Levamisole for Maintaining Remission
After the First Flare of Steroid Sensitive Nephrotic
S y n d r o m e i n C h i l d r e n ( N E PHROV I R 3 )
(NCT02818738);

& Study of Tacrolimus vs Mycophenolate Mofetil in
Pediatric Patients With Nephrotic Syndrome (STAMP)
(NCT04048161).

A final word on management of complications: children
with idiopathic nephrotic syndrome may suffer from massive
edema with ascites and pleural effusions with hypovolemia
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and normal kidney function. In these children, concentrated
albumin can be given together with furosemide [35]. Our
guideline gives an infusion time for albumin of 1 to 2 h.
Historical literature reports infusion times of 1 h or less [36,
37]. However, tolerability of albumin infusions is better with
prolonged infusion times. This might be especially true for
patients in whom extra caution is indicated, e.g., those with
oliguria or significantly impaired kidney function. Suggested
infusion times differ between 1 and 4 h, dependent on the
amount of albumin infused. Very recent literature suggests 3
to 4 h infusion time for an amount of 1 g/kg BW of 20%
albumin [38, 39]. We acknowledge this information and will
consider it in the next update of our guideline.

In conclusion, management of childhood nephrotic syn-
drome is subject to constant change. Clinical practice recom-
mendations, therefore, need regular updates to incorporate
topical knowledge. Further efforts are underway dealing with
the important topics of steroid-sparing and alternative immu-
nosuppressive treatment in complicated courses.
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