
REVIEW

Optimizing the corticosteroid dose in steroid-sensitive
nephrotic syndrome

Martin T. Christian1
& Andrew P. Maxted1

Received: 20 November 2020 /Revised: 13 January 2021 /Accepted: 3 February 2021
# IPNA 2021, corrected publication 2022

Abstract
The use of corticosteroids in the treatment of steroid-sensitive nephrotic (SSNS) syndrome in children has evolved surprisingly
slowly since the ISKDC consensus over 50 years ago. From a move towards longer courses of corticosteroid to treat the first
episode in the 1990s and 2000s, more recent large, well-designed randomized controlled trials (RCTs) have unequivocally shown
no benefit from an extended course, although doubt remains whether this applies across all age groups. With regard to prevention
of relapses, daily ultra-low-dose prednisolone has recently been shown to be more effective than low-dose alternate-day pred-
nisolone. Daily low-dose prednisolone for a week at the time of acute viral infection seems to be effective in the prevention of
relapses but the results of a larger RCT are awaited. Recently, corticosteroid dosing to treat relapses has been questioned, with
data suggesting lower doses may be as effective. The need for large RCTs to address the question of whether corticosteroid doses
can be reduced was the conclusion of the authors of the recent corticosteroid therapy for nephrotic syndrome in children
Cochrane update. This review summarizes development in thinking on corticosteroid use in SSNS and makes suggestions for
areas that merit further scrutiny.
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Introduction

What’s in a name? That which we call a rose
By any other name would smell as sweet. [1]

Names carry meaning, deliberately so in the case of med-
ical diagnoses, and thereby help us as clinicians to orientate
ourselves. There would be few medical school prizes for
guessing what first-line treatment for steroid-sensitive ne-
phrotic syndrome (SSNS) might be. However, definition
names can encourage tunnel vision and limit out-of-the-box
thinking. Such a mindset is all too common with this most
prevalent of childhood kidney diseases. It is now five decades
since the International Study for Kidney Disease in Children
(ISKDC) as a consensus of international experts first

recommended a schedule of corticosteroid treatment for the
treatment of idiopathic nephrotic syndrome in children [2].
Though the duration of treatment for induction during the first
episode (or flare) has been questioned over the last 20 years, it
is perhaps surprising that, overall, corticosteroid schedules for
initial episode, treatment of relapses, and prevention of re-
lapses have not been more thoroughly challenged.

Small research studies have tried to question the prevailing
consensus, but their size has limited impact; multiplicity of
study design, often without sufficient care to remove potential
bias, has limited the collective evidence to be drawn out
through repeated Cochrane reviews [3–5].

The use of corticosteroids themselves can vary greatly: the
type of corticosteroid used, what dose to give to treat a relapse,
when to commence treatment, when to individualize dosing,
how to wean the dose, and when to give prophylactically are
just some examples. This review, following the recent publi-
cation of an updated Cochrane meta-analysis [6] and antici-
pating publication of the revised KDIGO guidelines for glo-
merular disease, has been written to cause us to reflect on how
the name steroid-sensitive nephrotic syndrome shapes our un-
derstanding of the condition. It will discuss the pertinent as-
pects of current corticosteroid use in SSNS, highlighting areas

* Martin T. Christian
martin.christian@nuh.nhs.uk

1 Department of Paediatric Nephrology, Nottingham Children’s
Hospital, Nottingham NG7 2UH, UK

Pediatric Nephrology (2022) 37:37–47
https://doi.org/10.1007/s00467-021-04985-1

http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-021-04985-1&domain=pdf
http://orcid.org/0000-0003-1642-1961
https://orcid.org/0000-0001-9872-9243
mailto:martin.christian@nuh.nhs.uk


which call for new creative uses through a balance between
efficacy and avoidance of adverse effects, and explore the
future role for corticosteroids in this condition which bears
its name.

What is the optimum way to treat the first
episode?

Over 50 years ago, the International Study of Kidney Disease
in Children (ISKDC) suggested a regimen of 60 mg/m2 (max-
imum dose 80 mg) of daily steroids for 4 weeks (the induction
dose), followed by a consolidation regimen of 40 mg/m2

(maximum dose 60 mg) given on three consecutive days out
of seven, based on a consensus of international experts [2].
KDIGO amended maximal doses for induction and consoli-
dation phases to 60 mg and 40 mg respectively based on
dosing used in adult minimal change disease [7].

This consolidation phase was subsequently modified to
alternate-day prednisolone as it was associated with fewer
relapses [8]. A shorter consolidation phase was shown to be
associated with a shorter cumulative time in remission by the
German Arbetsgemeinschaft für Pädiatrische Nephrologie
study group in 1988 [9], the same year that a Japanese study
first demonstrated benefits in longer term tapering consolida-
tion [10]. Subsequent trials appeared to confirm the finding
that a prolonged tapering consolidation course of up to 6
months to treat the initial episode, had a disease-modifying
effect resulting in a more sustained remission and this was
the conclusion of the first Cochrane review in 2002 [3]. It
recommended that patients should be treated at first presenta-
tion for at least 3 months, with some benefit gained from up to
7 months of treatment. A subsequent meta-analysis and
Cochrane review affirmed that longer initial courses seemed
to be more effective [4, 11]. Based upon this, KDIGO pub-
lished guidance in 2012 recommending 60 mg/m2 daily in-
duction treatment for 4–6 weeks, followed by a tapering con-
solidation phase from 40 mg/m2 on alternate days over the
next 2–5 months (Table 1) [7].

However, many pediatric nephrologists continued to treat
patients with an initial ISKDC 8-week course, as highlighted
in a recent European survey of practice [12] and their view has
now been vindicated.

Prior to the penultimate Cochrane update in 2015 [5], three
well-designed randomized controlled trials in 552 children
showed no difference in the incidence of future relapses
through extending the duration [13] and the dose [14, 15] of
the initial corticosteroid course.

The 2015 Cochrane update [5] commented that meta-
analysis continued to favor the initial extended courses in
reducing risk of relapse by 12–24 months; however, when
only studies at low risk of bias (for allocation concealment,
attrition, and performance/detection) were included, there was

no significant difference between initial corticosteroid courses
of 2–3 months compared to 3–7 months.

The PREDNOS study [16], published in 2019, confirmed
these newer findings in a multi-center, double-blind, placebo-
controlled trial that randomized 237 children with newly pre-
senting nephrotic syndrome to receive either a standard 8-
week course of prednisolone (cumulative dose 2240 mg/m2)
or an extended course of 16 weeks (cumulative dose 3150mg/
m2). Although there was no difference in the primary outcome
of time to first relapse, there was a small difference in cost-
effectiveness and quality of life favoring the extended regi-
men, something that was interpreted by the authors as small,
clinically insignificant differences combined with the low cost
of prednisolone [17].

The 2020 Cochrane update [6] now includes the
PREDNOS data [16] and confirms the authors’ previous view
[5] that a difference in results between earlier and more recent
trials is explained by study design that better addresses bias
risk. With 823 children included in these recent well-designed
trials, the Cochrane conclusion to the question of initial corti-
costeroid dose is that the case is now made against extended
initial corticosteroid duration and future resources would be
better spent addressing other unanswered treatment questions.

PREDNOS did suggest a possible advantage of an ex-
tended course in children under 6 years, acknowledging
that this finding replicated that of Sinha’s study [15],
which supported retrospective [18] and prospective studies
[19] that have shown a greater risk of steroid dependency
with young age at onset that is ameliorated by early in-
creased corticosteroid dosing. A meta-analysis is currently
underway and two clinical trials of 3 versus 6 months are
on-going: a Chinese trial in children under 6 years
(NCT04536181) and an Indian trial in children under 4
years (CTRI/2015/06/005939).

Table 1 Changes in dosing regimens over time

ISKDC KDIGO Sinha et al. PREDNOS

Year 1971 2012 2015 2019

Induction of
remission

60 mg/m2

(max 80
mg) daily
for 4
weeks

60 mg/m2

(max 60
mg) daily
for 4–6
weeks

2 mg/kg
daily for
6 weeks

60 mg/m2

(max 80
mg)
daily for
4 weeks

Consolidation
of
remission

40 mg/m2

(max 60
mg) on 3
consecu-
tive days
out of 7 for
4 weeks

40 mg/m2

(max 40
mg) on
alternate
days for
2–5
months
with dose
tapering

1.5 mg/kg
on
alternate
days for
6 weeks

40 mg/m2

(max 40
mg) on
alternate
days for
4 weeks
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Should we dose by body weight or body
surface area?

The original ISKDC guidance suggested dosing of prednisone
standardized for body surface area (BSA) and not for weight
[2]. The majority of guidance and studies following on from
this have worked on a BSA- rather than weight-based dosing
regimen (as with, for example, the use of prednisolone in the
treatment of asthma) [20], with the theory being it more accu-
rately reflects total blood volume (and therefore drug distribu-
tion), particularly in children and when dosing with chemo-
therapy [21]. However, some North American guidelines only
use dosing by weight [22] and KDIGO [7] allows for both
options (2mg/kg instead of 60mg/m2 initially followed by 1.5
mg/kg instead of 40 mg/m2) though without evidence to sup-
port. Does it matter which is used?

A commonly used equation to calculate BSA is that of
Mosteller [23]:

BSA ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

height cmð Þ � weight kgð Þ
3600

r

This evolved in turn from the DuBois formula of 1916
[24] and Haycock in 1978 [25] and is the most commonly
accepted formula used in clinical practice. It does require
an accurate height, and hence the desire to have a simpli-
fied weight-based dosing regimen is attractive. Dosing
according to BSA has been used for many years; Feber
et al. [26] showed that children receiving a weight-based
dose of 2 mg/kg received 0.85 of the 60 mg/m2 BSA
dose, resulting in potential under-dosing when one con-
siders original studies showed effectiveness based upon a
BSA dosing regimen. This difference is more apparent at
lower weights (as much as 8 mg at 15 kg), supported by
data from a Japanese retrospective study [27], but is less
relevant in children over 30 kg (the average weight of a 9-
year-old boy). The fact this dosing difference is more
apparent at a weight consistent with most children at their
first presentation of nephrotic syndrome makes this more
important. Conversely, it is worth noting that as BSA uses
both weight and height, the difference with weight only
calculations will be reduced in obese children (or those
where non-dry weight is used at initial presentation) [28].
Saadeh et al. [29] confirmed the findings in a small study
of 43 children and showed that lower dosing at onset had
an impact on longer term outcomes. This finding was not
supported by two more recent comparisons of weight- and
BSA-based corticosteroid dosing although follow-up was
relatively short [30, 31].

During the current COVID-19 pandemic, remote care and
tele-healthcare have become quickly adapted by patients and
healthcare workers. While seeing patients face to face is likely
to return, there seems to be a desire frommany to utilize some

of the technological advances seen going forward. It would be
reasonable for parents to obtain weights (and serially, to re-
duce differences in measuring scales), but an accurate height
could be harder to achieve. Emma et al.’s [28] weight-only
formula may help with this and is more practical than nomo-
grams [32]. Their equations were:

60 mg=m2 ¼ weight kgð Þ � 2ð Þ þ 8
40 mg=m2 ¼ weight kgð Þ þ 11

Using the formula above there was over-estimation of
3.4% for 60 mg/m2 and 2.2% for 40 mg/m2; rarely was there
dose under-estimation. When one considers physicians would
usually round to the nearest 5 mg this is unlikely to infer
clinically significant doses and using the above weight-
adjusted formula during the initial episode would avoid un-
der-dosing.

Which is the ideal corticosteroid to use?

Glucocorticoids have been the mainstay of therapy in idio-
pathic nephrotic syndrome for over 50 years. The exact mech-
anism of action of glucocorticoids is not fully understood in
nephrotic syndrome, but is believed to be both genomic (re-
lated to the regulation of nuclear gene expression and the
suppression of pro-inflammatory genes) and non-genomic
[33, 34].

There are a number of different corticosteroids, varying in
their glucocorticoid and mineralocorticoid effects (Table 2).

For treatment options, both prednisone and the active me-
tabolite prednisolone are currently frequently the first-choice
glucocorticoid steroid [22]. Studies have shown that predni-
sone has a high first-pass conversion to prednisolone. Both
drugs reach peak plasma concentrations at 0.5–3 h and the
nephrotic state does not affect the conversion time; therefore,
the same dosing regimen has been used interchangeably [7,
35–37].

Studies have looked at the use of other corticosteroids. Oral
methylprednisolone may be as effective as prednisolone but
data are limited [38]. Intravenous (IV) methylprednisolone
followed by oral prednisolone was shown to be only margin-
ally less effective than high dose oral prednisolone [39]. With
proven efficacy of oral prednisolone in multiple subsequent
randomized controlled trials (RCTs), early IV methylprednis-
olone does not seem justified, but remains useful in attempting
to induce complete remission after 4 weeks of oral predniso-
lone has failed [40–43]. There is evidence of similar efficacy
of intravenous dexamethasone and its cost makes it a more
attractive choice in this context in resource-poor countries [44,
45], but there is little evidence to advocate for its use in the
treatment of SSNS otherwise.
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Questions are frequently raised about the need for intra-
venous corticosteroid during the nephrotic state when gut
edema might theoretically reduce absorption, but historic
studies show no difference between children in relapse or
remission [46, 47], and in children with active inflamma-
tory bowel disease, there were no differences in pharma-
cokinetics between oral prednisone and intravenous meth-
ylprednisolone [48].

Deflazacort is derived from prednisolone and has simi-
lar glucocorticoid and mineralocorticoid properties. Small
studies have shown it may be more effective in maintaining
remission and may be associated with less corticosteroid
toxicity [49, 50]. However, the latest Cochrane meta-
analysis shows no increased chance of remission with
deflazacort, but concludes that it may reduce the number
of relapses by 9–12 months.

In clinical practice, crushed prednisone/prednisolone tab-
lets are generally well-tolerated but some have found better
tolerability from liquid preparations [51, 52]. Whether the
issue of disease course in young children is related to cortico-
steroid delivery remains another issue for further study.
Certainly, literature on formulations of oral corticosteroids in
children is sparse and better data on tolerability and bioequiv-
alence of different preparations is needed [53].

Corticosteroid treatment to prevent relapses

Despite long-term alternate-day prednisolone being the first
choice of therapy to prevent relapses in SSNS, there is little
quality evidence to support its use [54, 55]. In a recent open-
label RCT, Yadav et al. [56] showed greater efficacy when the
same 48-hour averaged dose of prednisolone (0.26 mg/kg)
was given on a daily rather than alternate-day basis. Not only
were relapse rates significantly lower in the daily prednisolone
arm over the 12-month study duration, but there was also a
tendency for lower obesity and other corticosteroid adverse
effects but no difference in growth. The findings of this study
also question the long-established practice of giving alternate-
day corticosteroid once remission has been achieved.

It has long been recognized that most relapses of SSNS are
precipitated by viral upper respiratory tract infection (URTI)
and that in children with SSNS, intercurrent infections fre-
quently precipitate a relapse [57–60]. Most of these observa-
tions come from the Indian sub-continent where the pattern of
intercurrent illness includes respiratory infection (both upper
and lower respiratory tract) and gastroenteritis [57, 58, 60, 61].

In the last two decades, four trials (232 patients) have dem-
onstrated effectiveness of daily low-dose prednisolone for 5–7
days in preventing SSNS relapses associated with intercurrent

Table 2 Different corticosteroids,
their glucocorticoid and
mineralocorticoid effects
(compared with hydrocortisone
baseline as 1), and equivalent
prednisolone dosing. Adapted
from National Institute of Clinical
Evidence (NICE) guidance:
https://cks.nice.org.uk/topics/
corticosteroids-oral/management/
corticosteroids and British
National Formulary: https://bnf.
nice.org.uk/treatment-summary/
glucocorticoid-therapy.html
(accessed 18.10.2020)

Drug Glucocorticoid
properties

Mineralocorticoid
properties

Equivalent
dose to 5 mg
prednisolone

Notes on use

Hydrocortisone 1 1 20 mg Minimal anti-inflammatory
properties combined with
mineralocorticoid activity
(and fluid retention) make
use as first-line in nephrot-
ic syndrome limited

Prednisone or
prednisolone

4 0.8 5 mg Commonly used as first line
in nephrotic syndrome

Methylprednisolone 5 Minimal 4 mg Useful as intravenous
alternative to prednisolone

Deflazacort 3 Minimal 6 mg Derivative of prednisolone
with similar properties

Dexamethasone 27 Minimal 750 μg Strong anti-inflammatory
properties with minimal
fluid retention, long dura-
tion of action

Betamethasone 27 Negligible 750 μg Strong anti-inflammatory
properties with minimal
fluid retention, long dura-
tion of action

Fludrocortisone 15 150 N/A Due to significant
mineralocorticoid effect,
anti-inflammatory proper-
ties of no clinical relevance
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infections [61–64]. The applicability of these for children tak-
ing a range of background treatment and the generalizability
to children in countries where patterns of intercurrent illness
differ led to the setting up of the PREDNOS 2 study in the
UK, a double-blinded, placebo-controlled trial [65]. The study
aimed to address, in a representative sample of children with
relapsing SSNS on a range of background treatments, whether
a short daily course of low-dose prednisolone given at the time
of an URTI prevented a subsequent URTI-related relapse.
Over a 7-year period from early 2013, 365 children with fre-
quently relapsing SSNS were randomized to receive either
prednisolone or a matched placebo for 6 days at the start of
an URTI (www.birmingham.ac.uk/research/bctu/trials/renal/
prednos2/investigators/recruitment.aspx, accessed on 7
January 2021). Assessment of corticosteroid adverse effects
was from parental reporting and the more objective
Achenbach child behavior checklist [66]. Quality of life was
evaluated with validated questionnaires and a health-
economic evaluation built into the analysis in the same way
as was done for the group’s previous PREDNOS trial [17].
The trial completed in early 2020 but the global lockdown for
COVID-19 meant a delay in data analysis and results release,
which are now anticipated in early 2021. On the theme of
prevention of URTI-related relapses with daily corticosteroid
dosing, Cochrane’s 2020 update [6] concludes that the prac-
tice may be of benefit but anticipates results of the larger
PREDNOS 2 trial.

What is the optimum way to treat relapses?

The recommended dose of prednisolone to treat INS relapses
is an induction dose of 60 mg/m2 daily until urinary remission
(defined as trace or negative urine protein on urine dipstick
testing for three consecutive days) followed by a consolidation
phase of 40 mg/m2 on alternate days for at least 4 weeks [7].
This is based on the consensus dosing for the initial episode
and unlike the initial dosing, treatment of infrequent relapses
has not been the subject of large RCTs [12].

The issue has not been completely neglected, but one has to
look back 32 years to 1989, when a single-arm, uncontrolled
study demonstrated efficacy of half conventional dosing in 17
children with INS [67] and a retrospective review [68] showed
benefits of less corticosteroid toxicity through treating re-
lapses with lower doses.

Despite the clear call for an RCT to follow Choonara
et al.’s [67] uncontrolled study, only in recent years has this
area attracted interest again. In 2017, Raja et al. [69] published
a retrospective case series of a selected group of 50 children
with frequently-relapsing SSNS without previous complex
relapses who were treated with 1 mg/kg of prednisolone daily
until remission and then gradually tapered over 4 weeks. They
showed 77% of relapses entered remission within 10 days and

showed some evidence of better quality of life for those treat-
ed with lower doses of prednisolone. These findings were
supported by a retrospective Japanese study of 49 patients
[70].

In the last 2 years, the effectiveness of half standard doses
of corticosteroid to induce and maintain remission has been
demonstrated by two small RCTs: Borovitz et al. [71] in a
study of 30 children with SSNS showed that this smaller dose
resulted in the requirement for a significantly smaller cumula-
tive dose to induce remission, and Sheikh et al. [72] showed
no difference between time to remission and a significantly
reduced cumulative prednisone dose in a study of 60 children.

These RCTs have been included in the latest Cochrane
update [6] and the authors conclude that it is now imperative
that large trials address the efficacy of lower dosing, initially
in the treatment of relapsing disease, but ultimately in address-
ing the initial presentation dose.

Other recent studies of dosing for INS relapses have fo-
cused on duration of therapy rather than total dose, specifical-
ly on the consolidation rather than the induction phase. The
Italian PROPINE trial found no difference in time to next
relapse when comparing corticosteroid courses that delivered
the same cumulative dose over different durations [73], trans-
lating findings of prolonged corticosteroids for the initial ep-
isode into treatment for relapses, and thus questioning the
practice of treating relapses with tapering consolidation corti-
costeroids. The on-going Dutch RESTERN trial will evaluate
both cumulative dose (280 mg/m2 versus 840 mg/m2) and
duration (2 versus 6 weeks) of the consolidation phase [74].

These recent studies rightly make the case for a trial to
investigate lower dosing as the attractiveness of lower
corticosteroid-dosing is self-evident. However, we know that
some individual children will respond less well to a reduction
in standard corticosteroid dosing. Mehls and Hoyer, in their
2011 editorial commentary [33], suggest the initial ISKDC
dosing was based on an “intention to successfully treat as
many patients as possible as ‘steroid sensitive’ and to define
‘steroid resistance’ (non-responders),” highlighting the rela-
tivity of the term ‘steroid resistance’ in this case. Moves to
lower dosing would push more children towards an unhelpful
label and this direction of treatment regimen makes the case
for strategies to identify those requiring higher doses to
achieve remission and the inclusion of biomarker evaluation
within future clinical trials [35].

Between the use of lower -dose corticosteroid to treat re-
lapses and the use of prophylactic corticosteroid to prevent
URTI-related relapses lies an important hinterland, where
long-established management has remained unchallenged for
many years. The generally accepted definition of a relapse is 3
days of +++ or more proteinuria on home testing [12], but the
consensus recommendation to commence high-dose cortico-
steroid at that particular point has never been subjected to a
clinical trial. In a “muddying” practice of using lower-doses to
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treat relapses and prophylactic dosing to prevent URTI-related
relapses, we have observed clinicians commencing low-dose
prednisolone within 1 or 2 days of an URTI first triggering
any degree of proteinuria and often with success. In contrast, it
is common clinical practice to wait up to 5 days of +++ pro-
teinuria before commencing a relapse corticosteroid regimen
out of the experience of spontaneous remission in some chil-
dren. These divergent practices highlight a need for mechanis-
tic studies to evaluate pathophysiology in the early stages of a
relapse, alongside clinical trials that address the relationship
between corticosteroid dose and timing of initiation.

What are the adverse effects
of corticosteroids in nephrotic syndrome?

There are few other chronic diseases of childhood which re-
quire the repeated courses of high-dose and cumulative doses
of corticosteroid that are given for many children with SSNS.
Due to the genomic and non-genomic properties of corticoste-
roids, their use comes with a wide range of side-effects, both
in the short and long term [75, 76]. In children with SSNS, the
spectrum of adverse effects of medication, assumed to be re-
lated predominantly to corticosteroids, was detailed in a 10-
year trial follow-up cohort study of 46 patients [77]. Adverse
effects listed included obesity, short stature, effects on bone
mineral density, cataracts, and hypertension. These adverse
effects mirror those published elsewhere [78–81]. In adult
studies of childhood SSNS survivors, the adverse effects of
corticosteroids remain apparent with higher than expected
rates of hypertension, osteoporosis, and short stature [82, 83].

The effect of corticosteroids on behavior is also well-
described [84–88] and parents describe behavioral difficulties
as the adverse effect most commonly encountered and of most
significance to them [17]. These behavioral changes have
been documented objectively using the Achenbach Child
Behavior Score [65, 86, 89]. It remains unclear why there is
such a wide range in severity of adverse effects [33] but indi-
vidual variability may also be explained by individual varia-
tions in corticosteroid pharmacogenomics as discussed above.

Historical and more recent publications noted that adrenal
suppression occurs in children with INS [90–94], but this has
been another neglected area in nephrotic syndrome manage-
ment over many years. In clinical practice, few children with
SSNS appear to have Addisonian crises; however, the preva-
lence, timing, duration, and symptoms of adrenal suppression
following the treatment of INS using prednisolone remain
largely undocumented. Adrenal suppression and adrenal crisis
are well documented in a number of other conditions treated
with prednisolone or other synthetic glucocorticoids [91–95].
It seems unlikely that children with nephrotic syndrome are
not equally susceptible to adrenal insufficiency on completion
of treatment.

Clinical trials involving corticosteroids in SSNS lack
standardization of corticosteroid adverse effects, limiting
the possible comparisons. Such standardization is essential
in the design of future trials and might be achieved with
tools such as the Glucocorticoid Toxicity Index [96]. Initial
work in adults has been adapted for children and the
launching of an app is eagerly awaited [97], but it remains
to be seen whether the dependence on repeated blood sam-
pling and ionizing radiation will impact on its adoption into
pediatric trials.

We know that patients are very rightly concerned about
corticosteroid adverse effects [98] and the patient voice must
be included in any design of a corticosteroid adverse effect
standardization score. Standardized Outcomes in Nephrology
(SONG) in children and adolescents [99] has already pub-
lished key patient-led outcomes for chronic kidney disease
trials [100] and this group would be an appropriate forum to
determine what patients and their caregivers rank as the most
important adverse effects of corticosteroids.

Should all patients be treated the same way?

Application of the current interest in biomarkers to predict
steroid sensitivity in childhood nephrotic syndrome has
attracted attention in the last year [101], but this mostly relates
to binary categorization of steroid sensitivity versus steroid
resistance. The quest for an early clinical marker that will
accurately predict degree of responsiveness to corticosteroids,
and hence individualize dosing, has not yet improved on the
clinical observations of time to initial remission [102–104],
age [18, 42, 105] or time to first relapse [104]. The identifica-
tion of “personal profiles” of patients and their impact on
disease response and adverse effects, that can define
individually-tailored approaches to treatment remains a goal
still out of reach [106] but one for which it is imperative we
strive.

As well as variations in the disease process itself and var-
iations in the individual immune response, there are individual
variations in the pharmacokinetics and pharmacodynamics of
corticosteroids, which may contribute towards explanation for
the effect of age at first presentation [35, 107]. While relative-
ly little is known about the impact of genetic polymorphisms
on glucocorticoid response and steroid-related toxicities in
children with SSNS, pharmacogenomics offers an important
tool in precision medicine applied to nephrotic syndrome and
the inclusion of pharmacogenomic testing in large trials of
corticosteroid RCTs is recommended to gain greater under-
standing of their predictive value and eventual application of
personalized corticosteroid regimens.

Adrenal suppression may also predict risk of relapse
[108–110]. As highlighted in the conclusions of the recent
Cochrane update [6], there is a need for further study in this
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area as the prevalence of adrenal insufficiency and its effect on
future course of INS would add important information about
future treatment stratification. Little has been published since
Leisti et al. [111] found in 1978 that cortisol replacement in
children with SSNS and adrenal insufficiency reduces the risk
of relapse. Particularly in the light of Yadav’s [56] findings of
the increased efficacy of maintenance corticosteroids given
daily rather than on alternate days, there is a need to revisit
this area of study. Screening for adrenal suppression may be
now carried out non-invasively through salivary cortisol sam-
pling [112], thus making this an easier bolt-on to large future
nephrotic syndrome trials.

Is there a future for corticosteroids
in the treatment of steroid-sensitive
nephrotic syndrome?

It is perhaps somewhat surprising that, for a disease that recent
clinical trials [16] have confirmed progresses with a chronic
course in the majority of cases [113], until now, so few clinical
trials have considered non-corticosteroid, disease-modifying
options for the initial treatment. Hoyer and Brodehl’s 2006
[114] finding that ciclosporin in comparison to standard con-
solidation corticosteroid dosing made no difference to disease
course stands alone as a published trial of a non-corticosteroid
treatment used for the initial episode.

Current trials are evaluating early use of drugs traditionally
used once relapsing disease is confirmed. NEPHROVIR3
(NCT02818738) and LEARNS [115] started recruiting in
2016 and are multi-center, double-blind, placebo-controlled
randomized control trials comparing levamisole with placebo
at the first manifestation of INS on the incidence of early
relapses. As a low adverse effect [116] immunomodulatory
agent that may have disease-modifying properties
[117–119], levamisole is an attractive adjunct to initial
treatment.

INTENT [120] is a large multi-center, open-label RCT de-
signed to compare the efficacy of early-use mycophenolate
mofetil with standard corticosteroid treatment in influencing
future disease course.

The results of RITURNS [121] support use of rituximab as
the initial choice of steroid-sparing agent in SSNS and now
results from a Japanese placebo-controlled study of rituximab
as first-line steroid-sparing agent are eagerly anticipated [122].

All these trials only consider children who have entered
remission on conventional high-dose corticosteroids and, as
yet, there is only one published trial where non-corticosteroids
are used as part of the induction regimen, showing some ben-
efit of 3 days of azithromycin with the initial corticosteroid
course [123]. In adult minimal change disease, a French study
of considerable interest to pediatric nephrologists has recently
opened, which will evaluate rituximab used at initial

presentation (NCT03970577). As yet, there are no published
or current trials of non-corticosteroid treatments without cor-
ticosteroids and it looks as though the presence of corticoste-
roids in the treatment of nephrotic syndrome will remain for
many years yet.

Conclusions

For now, the name is safe and children with SSNS will con-
tinue to be dependent on corticosteroids to induce remission in
the first episode and future relapses! There would appear to be
a current tension in research direction at present between, on
one hand, those seeking to trial alternative treatments ever
sooner in the disease course and those seeking to reduce the
corticosteroid burden for those whomay not need such high or
prolonged doses. More than ever, our understanding of indi-
vidual response is key.

Recent large RCTs can now begin to inform guidelines,
and plans for IPNA clinical practice guidelines on SSNS fol-
lowing publication of SRNS guidelines last year [124] are
particularly welcome as a tool to harmonize treatment strate-
gy. Though they may be challenging in terms of sufficient
sample size and high administration costs, the importance of
placebo-controlled double-blind trial designs cannot be
underplayed. The future of SSNS depends on large, high-
quality RCTs with standardization of corticosteroid adverse
effects and embedded mechanistic studies. Placebo-
controlled design is important to generate robust evidence,
not so much for objective assessment of behavioral effects
of corticosteroids, but as much for removing the risk of non-
adherence with trial protocols in a condition where expert
parents will be tempted to give the treatment they think best
for their child. It is possible that something of this same men-
tality among clinicians has been a factor in the study design
bias that has been repeatedly seen in clinical trials of SSNS.
As a collaborative international pediatric nephrology commu-
nity, particularly at a time of accelerated use of video meeting
technology, we have the opportunity to form the clinical trials
network infrastructure needed to ensure the research recom-
mendations are implemented and that the robustness of study
designs continues to improve.
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