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Abstract

Background Optimal steroid treatment at onset of idiopathic nephrotic syndrome is still debated. The aim of this study was
to analyze the clinical outcome at 24 months of follow-up in patients admitted to our unit for the first episode of steroid-
sensitive nephrotic syndrome comparing two different steroid regimens.

Methods We collected data on patients treated from 1992 to 2007 with prednisone according to the International Study
on Kidney Diseases in Children 8-week regimen and since 2008 according to the Arbeitsgemeinschaft fur Padiatrische
Nephrologie 12-week regimen. The primary outcome was to evaluate cumulative prednisone dosage at 12 and 24 months of
follow-up in the two groups. As secondary outcomes, we considered mean relapse rate per patient; number of children without
relapses at 6, 12, and 24 months; and number of patients who developed frequent relapses and steroid-dependent disease.
Results Data were collected on 127 patients. Sixty-one subjects received the 8-week regimen and 66 the 12-week regimen.
The mean cumulative prednisone dose at 12 and 24 months was not different, and the rate of patients without relapses was
lower at 6 and 12 months in patients treated with the 8-week course, while no difference was observed at 24 months.
Conclusions Despite the limitations of a retrospective study with limited follow-up, our data indicate that switching treatment
from a shorter to a longer scheme did not improve the clinical outcome at 24 months of observation.
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Abbreviations Introduction
INS Idiopathic nephrotic syndrome
SSNS  Steroid-sensitive nephrotic syndrome Idiopathic nephrotic syndrome (INS) is the most com-

FRNS  Frequently relapsing nephrotic syndrome mon primary glomerular disease in young children, with a
SDNS  Steroid-dependent nephrotic syndrome peak age at onset around 3 years [1]. Incidence is 1.5-16.9
ISKDC International Study on Kidney Diseases in cases/100,000 children/year [2]. Overall, nearly 80% of chil-

Children dren presenting with INS are steroid-sensitive (SSNS). Of
PDN Prednisone these, the vast majority will experience relapses and 50-70%
APN Arbeitsgemeinschaft fur Padiatrische will develop frequently relapsing nephrotic syndrome

Nephrologie (FRNS) or steroid-dependent nephrotic syndrome (SDNS)
8W 8 Weeks [3-5]. Few prognostic factors have been identified to date
12W 12 Weeks [6]. Patients that respond more rapidly to the initial steroid
MMF  Mycophenolate mofetil treatment tend to have a less severe disease course [5, 7-9].
RCTs Randomized controlled studies The initial steroid regimen for treatment of INS, devel-
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oped in the 1970s by the International Study on Kidney Dis-
eases in Children (ISKDC), consisted of a 4-week course
of prednisone (PDN) at a daily dose of 60 mg/m?, followed
by 4 weeks at 40 mg/m? on alternate days [9]. Since then,
several other regimens have been proposed, all using longer
courses of PDN with or without progressive tapering, with
the goal of consolidating remission and potentially improv-
ing subsequent disease course. Among these, the German
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“Arbeitsgemeinschaft fur Padiatrische Nephrologie” (APN)
proposed extending the 8-week ISKDC course of PDN to
12 weeks (6 weeks of daily PDN 46 weeks on alternate
days) [10]. For years, the optimal regimen has been a source
of intense debate in the pediatric nephrology community.
Recently, three randomized controlled studies have shown
no clear benefit in extending the initial course of PDN
beyond 12 weeks, ending this long-lasting debate [4, 11, 12].

At the Bambino Gesu Children’s Hospital in 2008, we
changed the protocol for initial treatment of INS from the
ISKDC 8-week course (8 W) to the APN 12-week course
(12 W). After 12 years, we retrospectively analyzed our data.
The purpose of this study was to compare the two different
steroid regimens in a real-world setting, analyzing the clini-
cal outcome at 24 months in 127 children with nephrotic
syndrome at onset.

Methods

We reviewed data from medical records of all patients pre-
senting with a first episode of SSNS admitted to the Neph-
rology Unit of Bambino Gesu Children’s Hospital between
January 1992 and April 2016. Inclusion criteria included
the following: (1) diagnosis of SSNS, (2) at least 2-year
follow-up, and (3) age at onset < 18 years. To avoid selec-
tion biases, we excluded all patients who did not present
at our institution at disease onset. Other exclusion criteria
included patient loss at follow-up and the presence of sig-
nificant comorbidities.

Considering the retrospective nature of the analysis, the
current study did not require the approval of the local ethics
committee according to current legislation, but a notifica-
tion was sent.

Data were retrospectively analyzed in line with personal
data protection policies.

The following variables were collected: age; sex; height;
weight; blood pressure; time to the first relapse; number of
relapses at 6, 12, and 24 months; cumulative dose of pred-
nisone at 12 and 24 months; mean prednisone dose pre-
scribed after relapses; and prescription of steroid-sparing
agents. Nephrotic syndrome, remission, and relapse were
defined as previously described [5, 9, 13].

The first episode was treated between 1992 and 2007
according to the ISKDC protocol (PDN 60 mg/m?/day for
4 weeks, followed by 40 mg/m2/48 h for 4 additional weeks),
hereafter defined as the 8-week regimen (8 W). Since 2008,
all patients had been treated at disease onset with the
APN protocol (PDN 60 mg/m*/day for 6 weeks, followed
by 40 mg/m?/48 h for 6 additional weeks) [10], hereafter
defined as the 12-week regimen (12 W).

Following the first episode, upon disease relapse, treat-
ment regimens for relapses have evolved over time. Before
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2008, most patients were treated with schedules that
included progressive tapering of the PDN dose. Thereafter,
most patients were treated upon relapse with PDN 60 mg/
m?/day until 3-5 days after remission, followed by 40 mg/
m?/48 h for 4 weeks. In order to harmonize results for
the analysis, we calculated the cumulative PDN dose that
patients received for each relapse. When patients developed
FRNS or SDNS, the decision to prescribe maintenance ther-
apy with low-dose PDN or to start a steroid-sparing agent,
usually cyclosporine A or mycophenolate mofetil (MMF),
was individualized and was made by the referring nephrolo-
gist of each patient. In general, low-dose maintenance PDN
therapy was attempted before prescribing other immunosup-
pressive agents.

The primary outcome of the study was the cumulative
PDN dose (mg/m?) at 12 and 24 months. Secondary out-
comes included the mean time to first relapse; the relapse
rate at 6, 12, and 24 months of follow-up; the number of
patients with first relapse at 6, 12, and 24 months; the num-
ber of patients who developed FRNS or SDNS; and the num-
ber of patients requiring low-dose maintenance PDN therapy
or other steroid-sparing agents.

Statistical analysis was performed with IBM SPSS Sta-
tistics 21.0.0.2 software (Segrate, Italy) and OriginPro 2018
software (Northampton, MA). All tests were two-sided and
considered statistically significant for p values < 0.05. Cate-
gorical data are reported as counts and percentages. Continu-
ous normal data are expressed as mean + standard deviation.
Continuous data that did not follow a normal distribution
are expressed as median value and interquartile range. The
normality of data was tested with the Kolmogorov—Smirnov
test. Survival data were analyzed using the Kaplan—Meier
method and compared using the log rank test.

Comparisons between groups were performed with #-test,
Mann—Whitney U test, or with the ){2 test with Yates’ correc-
tion as appropriate. All analyses were restricted to the first
2 years of disease.

Results

One hundred and twenty-seven patients were included in the
study. Of these, 61 patients received the 8 W PDN course
and 66 the 12 W PDN course. Patient characteristics at dis-
ease onset were similar in the two cohorts (Table 1). Median
time to remission combining both cohorts was 8 days [6—10].
We observed a small but significant difference between the
two groups, with a shorter time to remission in the 8 W
group (p=0.024) (Table 1).

The cumulative PDN dose was significantly lower
at 6 months in patients treated with the 8 W course
(3425 + 1166 mg/m? vs. 3905 +897 mg/m?; p=0.010). At
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Table 1 Patient charagte.r istics Parameter Units 8 W regimen 12 W regimen p value
at onset and characteristics of
nephrotic syndrome (n=061) (n=66)
Patient characteristics at onset
Age of onset Years 3.2[2.3-5.2] 3.5[2.5-5.9] 0.443
Gender Male 43/61 (71) 39/66 (59) 0.180
Ethnicity Caucasian 61/61 (100) 60/66 (90) 0.054
Asian 0/61 (0) 1/66 (2)
Hispanic 0/61 (0) 5/66 (8)
Weight SDS 0.44+1.04 0.39+1.09 0.765
Height SDS 0.08+0.94 0.02+1.14 0.751
BMI SDS 0.54+0.94 0.44+1.21 0.608
Systolic BP Z-score 0.48+0.96 0.99+1.04 0.008
Diastolic BP Z-score 1.07+£0.80 1.18£0.95 0.500
Characteristics of INS
Time to remission Days 7[5-10] 8 [7-11] 0.024
Relapse rate (0—6 months) n/patient 1[0-1] 0[0-1] 0.001
Relapse rate (0—12 months) n/patient 2 [1-2] 1[0-2] 0.009
Relapse rate (0—24 months) n/patient 2 [1-3] 2 [1-3] 0.111
Relapse at 6 months Yes 40/61 (66) 25/66 (38) 0.002
Relapse at 12 months Yes 53/61 (87) 44/66 (67) 0.007
Relapse at 24 months Yes 55/61 (90) 52/66 (79) 0.079
SDNS/FRNS Yes 31/61 (51) 25/66 (38) 0.142

8 W 8 weeks, 12 W 12 weeks, BMI body mass index, BP blood pressure, SDS standard deviation, INS
idiopathic nephrotic syndrome, FRNS frequently relapsing nephrotic syndrome, SDNS steroid-dependent

nephrotic syndrome

12 and 24 months, we no longer observed significant differ-
ences (Table 2; Fig. 1a).

The median time to first relapse was estimated by
Kaplan—Meier survival curve and was 4.6 months [3.8-5.7

— 95% C.1.] in the 8 W group and 7.9 months [5.4-9.0 —
95% C.1.] in the 12 W group (Fig. 1b). The overall relapse-
free survival was significantly better in the group treated
with the 12 W protocol (p =0.002 log rank test). This

Table 2 Treatment

o Parameter Units 8 W regimen 12 W regimen p value
characteristics
(n=61) (n=066)

Protocol treatment
Cumulative PDN dose: induction mg/m> 2164 +306 33804280 <0.001
Cumulative PDN dose: 0-6 months mg/m? 3425+ 1166 3905+ 897 0.010
Cumulative PDN dose: 0—12 months ~ mg/m? 5022 + 1657 5343+ 1907 0.314
Cumulative PDN dose: 0-24 months ~ mg/m? 7289 +2669 7391 +£2983 0.840
PDN dose/relapse mg/m2 945 [630-1435] 963 [503-1260] 0.796

Maintenance PDN therapy
Therapy Yes 46/61 (75) 39/66 (59) 0.051
Dosage mg/mleOD 12 [8-14] 10 [0-14] 0.056
Duration Weeks 44 [2-64] 31 [0-61] 0.716

Other IS treatments
Cyclosporin A Yes 12/61 (20) 15/66 (23) 0.674
Levamisole Yes 12/61 (20) 4/66 (6) 0.031
Cyclophosphamide Yes 2/61 (3) 0/66 (0) 0.229
Mofetil mycophenolate Yes 1/61 (2) 3/66 (5) 0.620
Any other IS therapies Yes 25/61 (41) 19/66 (29) 0.149

PDN prednisone, IS immunosuppressive, QOD every other day

@ Springer



2104

Pediatric Nephrology (2023) 38:2101-2106

<Y

Cumulative PDN dose (mg/m’?)

Time (months)

Relapse-free survival

Time (months)

Fig.1 Cumulative dose of PDN and relapse-free survival. Panel a shows the mean cumulative dose of PDN (+ SE) expressed in milligrams per
square milliliter in patients treated with 8- or 12-week course of PDN. Panel b compares relapse-free survival in the same subgroups

corresponded to a significantly lower relapse rate at 6 and at
12 months in patients treated with more PDN at onset. How-
ever, at 24 months, the relapse rate per patient and the over-
all ratio of patients with sustained remission were no longer
significantly different between the two groups (Table 1).
Likewise, the proportion of patients classified as FRNS or
SDNS at the end of follow-up was not significantly influ-
enced by the length of induction regimen at onset (Table 1).

The median cumulative dose of PDN used to treat sub-
sequent relapses was similar in the 8 W and 12 W cohorts
(p=0.796) (Table 2). At 24 months, more patients had
started low-dose maintenance therapy or had been treated
with levamisole in the 8 W group (Table 2). The median
dose of PDN prescribed for maintenance therapy was similar
between groups (Table 1). No differences were observed in
the prescription of cyclophosphamide, cyclosporine A, or
MMF between the two groups.

The mean number of admissions during the first 2 years
of disease was 1.2+0.8 vs. 1.1 £0.5 (p=0.288) in the 8 W
and 12 W cohorts, respectively. Patients treated after 2008
(i-e., 12 W regimen) had on average shorter duration of hos-
pital stay (5.3 +2.2 days vs. 7.2 +4.1 days, p=0.001). Dur-
ing the study period, however, the criteria for being admitted
to the hospital have become more stringent.

Younger patients at disease onset are known to have a
more difficult course of SSNS. We therefore performed a sub-
analysis, including only patients aged <3.5 years at disease
onset. This sub-analysis confirmed a difference in cumula-
tive PDN dose at 6 and 12 months, which in this sub-group
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was lower in the 8 W group. No difference between the two
regimens was shown in terms of relapse rate, even at 6 and
12 months (Supplementary Tables 2 and 3).

Kidney biopsy was performed only in five patients,
including three patients in the 8 W group and two patients
in the 12 W group. All had minimal change disease.

Discussion

The major finding of this study is that switching the initial
steroid regimen from 8 to 12 W does not change the clinical
outcome at 24 months of follow-up. Our results confirm a
recent meta-analysis which assessed data from two studies
performed on a total of 171 children of European descent
comparing the 8 W and the 12 W regimen and showed that
time to first relapse was shorter in the 8 W regimen, but
overall evolution at last follow-up toward FRNS or SDNS
was comparable in the 2 arms [14]. These data are very rel-
evant in clinical practice, because they suggest that steroid
treatment at onset has little impact on the long-term outcome
of SSNS.

The optimal strategy for treatment of the first episode at
the onset of nephrotic syndrome in children has been much
debated [15]. The first standardized protocol, a 4-week PDN
course at a dose of 60 mg/m?*day, followed by 4 weeks of
treatment at a dose of 40 mg/m? on alternate days, was pro-
posed at the end of the 1970s by the ISKDC [9] and was the
reference scheme around the world for decades. In 1993, the
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APN proposed to prolong the daily and alternate-day ISKDC
schedules from 4 to 6 weeks, based on trial results show-
ing better rates of sustained remission at 2 years without
substantial increase in side effects [10]. Thereafter, many
centers including ours extended their protocol for onset of
nephrotic syndrome from a total of 8 to a total of 12 weeks.
In the same years, alternative schemes using extended PDN
courses were proposed, with or without tapering of the PDN
dose [2]. More recently, three high-quality randomized con-
trolled studies (RCTs) have compared different induction
schemes [4, 11, 12]. These studies have tested the benefits
of extending PDN therapy from 3 to 6 months [11], from 2
to 6 months [12], and from 8 to 16 weeks [4]. All of them
conclusively demonstrate that treatment of the first episode
should not exceed a total of 12 weeks. However, the ques-
tion of whether a total scheme of 12 weeks is preferable in
terms of long-term benefit than a total scheme of 8 weeks
remains open [16]. In addition, the recent 2020 Cochrane
Database Systematic Review suggests that additional trials
testing PDN schemes at onset of SSNS should not be per-
formed [17].

High-quality RCTs are very important to develop guide-
lines and recommendations. Nonetheless, everyday life
results may diverge from those obtained in a carefully
monitored clinical setting, where patients are selected and
followed using stringent criteria and protocols. Our study
is based on a retrospective comparison of the application
of the 8-week ISKDC and the 12-week APN protocols in
a real-world setting. To avoid selection bias, we enrolled
all consecutive patients who presented at our unit at dis-
ease onset since 1992, excluding secondary referrals, which
may represent more severe cases. At 6 and 12 months, we
observed in the 12-week protocol a higher cumulative PDN
dose and a lower relapse rate compared to the 8-week pro-
tocol. Subsequently, patients treated with less PDN at dis-
ease onset relapsed earlier and so, even if the initial PDN
exposure is lower, they receive additional PDN more rapidly.
For this reason, over time, the difference in cumulative PDN
dose was lost (Fig. 1a). At 24 months, we did not observe a
clear advantage of one of the two PDN protocols in terms
of relapse-free survival, severity of the nephrotic syndrome,
or cumulative dose of PDN. Relapse-free survival curves
showed a slight advantage in favor of a longer protocol
(Fig. 1b). However, the relapse rate at 24 months was no
longer significantly different between the two groups.

The other differences included a significant increase in
the frequency of levamisole or a borderline difference in the
frequency of low-dose maintenance PDN therapy in children
receiving the 8 W regimen. These may be related to earlier
relapses occurring in children treated with a shorter proto-
col, which could have prompted physicians to initiate alter-
native therapies more frequently. In recent years, we have
increasingly used MMF to spare steroids. However, MMF

is not easily available in Italy in liquid form and is rarely
prescribed to small children. For this reason, only 4 patients
received MMF during the first 2 years of their disease.

Small children are more likely to experience severe
courses of SSNS [1, 11, 18-20]. In theory, this could jus-
tify treating younger patients with more intense therapy at
disease onset. However, even when restricting the analysis
to children younger than 3.5 years, we observed no substan-
tial benefits in extending the initial PDN course from 8 to
12 weeks.

This study has limitations that are related to its retrospec-
tive nature. Data were collected over nearly 24 years. During
this period, attitudes in treating SSNS have evolved, which
may have influenced our results. Despite these limitations,
this retrospective analysis confirms in a clinical setting that
differences in PDN schemes used to treat the initial episode
of SSNS have little impact on the long-term outcome of
the disease [21]. However, using one of the other regimens
modifies the short-term risk of relapse, influencing the pro-
portion of patients that are classified as FRNS or SDNS at
6 and 12 months.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-022-05824-7.
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