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Abstract
Relapses of steroid-sensitive nephrotic syndrome are traditionally treated with prednisone 2 mg/kg/day or 60 mg/m?*/day.
Retrospective data support the use of lower doses. We designed a prospective randomized pilot study to investigate the efficacy
of different doses in achieving remission of steroid sensitive nephrotic syndrome relapse. The cohort included 30 children with
relapsed steroid sensitive nephrotic syndrome, mean age 6.3 +3 years and mean disease duration 2.2 + 1.8 years. The children
were randomized to receive 2, 1.5, or 1 mg/kg/day prednisone. The corresponding times to response, defined as the first of 3
consecutive days without proteinuria, were 7.2+ 1.4, 10.2+5.1, and 9 = 3.3 days; the difference between the 1.5 and 2 mg/kg/
day groups was statistically significant. One patient each in the 1 mg/kg/day and the 1.5 mg/kg/day groups failed to respond and
were switched to 2 mg/kg/day, leading to a response after 3 and 10 days, respectively. Mean cumulative prednisone doses in the 3
groups were 45.5+3.4,42.7+25.9, and 24.9 + 7.4 mg/kg, respectively (P < 0.05).

Conclusion: In the present study, treatment of childhood steroid sensitive nephrotic syndrome relapse with prednisone 1—
1.5 mg/kg/day led to a significantly lower cumulative dose than the standard dose. Treatment with a lower dose may be equally
safe and effective to the standard dose.

What is Known:

* Relapses of steroid-sensitive nephrotic syndrome are traditionally treated with standard-dose steroids.

* Treatment with corticosteroids may have significant adverse effects mainly with long-term use.

What is New:

* Treatment of steroid sensitive nephrotic syndrome relapse with 1-1.5 mg/kg/day prednisone may lead to a significantly lower cumulative dose.

* Treatment with a lower steroid dose may be as effective as the standard dose in achieving remission of steroid sensitive nephrotic syndrome relapse.
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Abbreviations
SNSS  steroid-sensitive nephrotic syndrome

Introduction

Idiopathic steroid-sensitive nephrotic syndrome (SSNS) is the
most common chronic glomerular disease of childhood [3, 4,
12]. Prednisone has been the first-line therapeutic option for
SSNS for the last 50 years. About 90% of patients respond to
prednisone treatment, but 60% have recurrent episodes [3].

The early International Study of Kidney Disease in
Children clearly showed that a prednisone dose of 60 mg/m?
or 2 mg/kg/day was effective in achieving remission of re-
lapsed SSNS [5, 12]. However, it caused significant adverse
effects in frequent relapsing and steroid-dependent patients
who needed repeated steroid courses, and about 20-30% of
patients required steroid-sparing medications [3, 5, 12]. High
daily doses of prednisone are associated with more side effects
[1], and higher cumulative doses have been found to strongly
correlate with behavioral side effects [7].

In young children, there is a significant difference between
prednisone dose based on body weight (2 mg/kg/day) and
dose based on body surface area (60 mg/m?/day), sometimes
reaching 20%. Nevertheless, studies have reported no signif-
icant difference in outcomes [6, 10]. Several observational and
retrospective studies suggested that doses lower than the ac-
cepted 60 mg/m? of prednisone may be equally beneficial for
relapses of SSNS [2, 8, 9, 11]. Surveys among pediatric ne-
phrologists in Canada [11] and across Europe [2] reported
wide variability in prednisone dosing. A retrospective multi-
center analysis showed up to threefold variation in prednisone
dose [8]. Another retrospective study investigated the effect of
1 mg/kg/day of prednisone in 50 patients treated for 87 re-
lapses of SSNS and found that 70% of patients responded
within 7 days and 77%, within10 days [9].

However, there are no randomized controlled studies of the
effect of different prednisone doses on relapses of idiopathic
childhood SSNS in terms of the rate of remission, time to
remission, total prednisone dose, and other factors. The pres-
ent pilot study was designed to fill this gap. The aim of the
study was to compare the efficacy of three different predni-
sone doses in achieving short-term remission in relapsing
childhood SSNS.

Methods

A prospective randomized controlled design was used. The
cohort included patients aged 1-18 years with a relapse of
SSNS who were being followed at the nephrology clinic of
a tertiary pediatric medical center from August 2014 to
December 2016. Only those who were not receiving

@ Springer

prednisone at the time of relapse and had never before re-
ceived other immunosuppressive drugs were enrolled. In pre-
vious exacerbations, all patients were advised to receive the
standard prednisone dose of 2 mg/kg/day. Relapse was de-
fined as proteinuria on dipstick test (>3+) accompanied by
protein/creatinine ratio >2 mg/mg and/or serum albumin <
3 g/dl and/or edema.

Patients were divided into three prednisone treatment
groups in running order of enrollment, as follows: first patient,
2 mg/kg/day; second, 1.5 mg/kg/day; third, 1 mg/kg; and so
forth (Fig. 1). Patients and clinicians were informed about
prednisone dose only after randomization. Remission was de-
fined as negative/trace protein on urine dipstick test for 3
consecutive days. Patients who failed to achieve remission
on the lower doses after 14 days were switched to 2 mg/kg/
day.

After remission was achieved, the prednisone dose was
tapered down as follows:

— 2-mg/kg group, dose was reduced to 1.5 mg/kg every
other day for 2 weeks; then in 10 mg decrements every
2 weeks until a dose of 10-15 mg every other day was
achieved; and then to 5 mg every other day for 2 weeks.
Overall, patients received an average of 10-12 weeks’
treatment.

— 1.5-mg/kg group, dose was reduced to 1 mg/kg every
other day for 2 weeks; then in 10 mg decrements every
2 weeks until a dose of 10-15 mg every other day was
achieved; then to 5 mg every other day for 2 weeks.
Overall, patients received an average of 8—10 weeks’
treatment.

—  1-mg/kg group, dose was reduced to 1 mg/kg every other
day for 2 weeks; then in 10 mg decrements every 2 weeks
until a dose of 10—15 mg/every other day was reached;
and then to 5 mg every other day for 2 weeks. Overall,
patients received an average of 8—10 weeks’ treatment.

We calculated the cumulative prednisone dose during the
study period based on data from the patient’s clinical charts.

All patients were followed for 6 months from the day of
recruitment, including the duration of prednisone treatment
and 3-month post-treatment. Decisions regarding further treat-
ment after completion of the regimen (start steroid sparing/
continue low-dose steroids/observation alone) were made by
the treating nephrologist.

The primary outcome measure was the total prednisone
cumulative dose in the three dose groups. The secondary out-
come measure was the time to achieve short-term remission
and number of patients achieving remission.

Intention-to-treat statistical analysis was performed. The
groups were compared for background factors, time to re-
sponse, and rate of failure during the treatment regimens using
one-way analysis of variance (ANOVA). Differences among
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Fig. 1 Flow chart of patient inclusion and group allocation

the three groups were analyzed with Kruskal-Wallis test, and
between any two groups, with Mann-Whitney test. A P value
of <0.05 was considered significant.

For power calculations, we used G* power 3.0.10 software.
For a sample of 30 divided into 3 groups, the power in one-
way ANOVA was 0.97. We performed the test with an effect
size of 0.8 while our effect size was higher than 1.

The study was approved by the local Helsinki committee
and the Israel Ministry of Health. Written informed consent
was obtained from the parents of all participants.

Results

Thirty children met the inclusion criteria. The randomization
is shown in Fig. 1. Background characteristics of the cohort
are shown in Table 1. There were no significant differences
among the groups in any of the background characteristics.

One patient in the 1 mg/kg/day group and one in the
1.5 mg/kg/day group failed to respond after 14 days. Both
were switched to 2 mg/kg/day and achieved a response after
an additional 3 and 10 days, respectively.

The mean cumulative doses of prednisone per body weight
during treatment were 45.5 £ 3.4 mg/kg in the 2 mg/kg/day
group, 42.7£25.9 mg/kg in the 1.5 mg/kg/day group, and
24.9+7.4 mg/kg in the 1 mg/kg/day group. The difference
was statistically significant between the 1 mg/kg/day and
1.5 mg/kg/day groups (P=0.007), the 1 mg/kg/day and
2 mg/kg/day groups (P < 0.001), and the 1.5 mg/kg/day and
2 mg/kg/day groups (P =0.024).

Analysis of previous disease exacerbations yielded a mean
time of 6.8 +0.9 days to response for the whole cohort, with
no significant differences between groups (P =0.5).

The mean and median times to remission are shown in
Table 2. The difference in means was statistically significant
between the 2 and 1.5 mg/kg/day groups (P =0.04) but not
between the 2 mg/kg/day and 1 mg/kg/day groups. The me-
dian times (Table 2) were almost uniform among the groups.
None of the patients had treatment-related complications.

Table 3 summarizes the findings during 3 months after
completion of the prednisone regimen. The rate of sustained
remission was similar in the three groups. However, given that
27% of the cohort received continued treatment with either a
low prednisone dose or a steroid-sparing drug, the effect of the
regimen on future relapses could not be reliably analyzed.

Table 1 Characteristics of patients with SSNS relapse treated by different prednisone regimens

Characteristics Total cohort (7 =30) 2 mg/kg/day (n=10) 1.5 mg/kg/day (n=11) 1 mg/kg/day (n=9) P value
Age (yr) 6.3+3 59+2.1 6.4+33 6.14+3.6 0.8
M/F 18/12 7/3 7/4 4/5

Body mass index 173+2.7 16.8+1.9 16.6+2.5 18.7+3.5 0.18
Disease duration 22+1.8 25+1.7 2.1+2.1 1.8+1.5 0.6
Relapses/year 22+12 24+12 21+14 2.1+£09 0.5

Values given as mean + SD or ratio
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Table2  Time to remission (days) in children with SSNS relapse treated with three regimens of prednisone

Calculation 2 mg/kg/day (n=10) 1.5 mg/kg/day (n=11) 1 mgkg/day (n=9) P value P value All groups
15vs2 1vs2 1vsl5

Mean + SD 72+14 10.2+5.1 9.0+3.3 0.04 0.24 0.6

Median (IQR)  7(7-8) 8(7-10) 7(7-12) 0.11

Range 5-10 6-24 5-15

Discussion exacerbations. Comparison of the time to achieve remission

The present study of children with a relapse of SSNS showed
that those treated with a low prednisone dose of 1 mg/kg/day
or 1.5 mg/kg/day achieved a similar clinical response to those
treated with the standard dose. The cumulative dose was sig-
nificantly lower (by 25-50%) in the lower-dose groups than
the highest-dose group. There was only a small difference in
the cumulative dose between the 1.5 mg/kg/day and the
2 mg/kg/day groups, but the standard deviation in the
1.5 mg/kg/day group was wide, probably owing to the partic-
ularly prolonged time to response of one patient who received
a 3.3-fold higher dose than rest of the group. This point is
noteworthy because most of the children benefited from the
low prednisone dose, and the difference was statistically
significant.

To our knowledge, this is the first prospective randomized
controlled study comparing three prednisone doses for the
treatment of relapsed SSNS. Our results are in line with a
recent retrospective uncontrolled analysis which documented
a 77% response rate to a prednisone dose of 1 mg/kg/day [9].

Time to achievement of remission is an important factor in
the treatment of childhood SSNS. A longer response time may
be associated with complications of the disease itself and with
longer exposure to high daily prednisone dose. We found that
time to response did not change during the relapse events
evaluated in this study or in previous disease exacerbations
in the same patients despite the fact that two-thirds of the
cohort had received higher prednisone doses in previous

among the groups yielded a significant difference between the
1.5 and the 2 mg/kg/day groups in mean values but not in
median values or range. This may be explained by the
intent-to-treat statistical analysis: one nonresponding patient
from the 1.5 mg/kg/day group remained in that group even
after he was switched to 2 mg/kg/day.

These findings, together with the significantly lower cumu-
lative dose in the low-dose groups, suggest that the standard
prednisone dose, and consequently, the total patient exposure
to prednisone, can be decreased in children with relapsed
SNSS without adverse clinical consequences.

Our study was not designed to measure differences in the
subsequent relapse rate because the inclusion criteria did not
consider the patients’ long-term therapy plan. Nevertheless,
we found that the number of patients who remained in remis-
sion 3 months after completion of treatment was similar in all
three groups.

Our study was limited by the single-center setting and
small number of patients. Although the difference in the mean
cumulative prednisone dose between the study groups reached
statistical significance, a larger multicenter study is needed to
confirm these results. Another limitation concerns the ran-
domization process since right after randomization both pa-
tients and physicians were aware of the prednisone dose.

In addition, larger and, importantly, longer and well-
designed studies are needed to analyze differences by predni-
sone dose in subsequent relapse rates and the occurrence of
side effects.

Table 3 Follow-up of children with SSNS relapse after completing steroid regimens

End point 2 mg/kg/day (n=10) 1.5 mg/kg/day (n=11) 1 mg/kg/day (n=9)
Remission more than 3 months without additional treatment 5 (50%) 5 (45%) 4 (44%)

Continued low-dose prednisone 0 3 (27%) 1 (11%)

Started steroid-sparing medication 1 (10%) 0 3 (33%)

Relapse during tapering down 2 (20%) 0 0

Relapse before 3 months 2 (20%) 3 (27%) 1 (11%)
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Conclusion

The present prospective randomized controlled pilot study
showed that treatment of a relapse of childhood SSNS with
a lower-than-standard prednisone dose led to a significantly
lower cumulative dose. Treatment with a lower dose may be
as safe and effective as the standard dose. We need to proceed
with similar studies to determine the optimal and individually
adjusted prednisone dose in this patient group.
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