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Abstract The purpose of this study was to identify
characteristics of patients with steroid-sensitive nephrotic
syndrome (SSNS) that point to a high risk of frequent
relapsing (FR) or steroid-dependent (SD) SSNS. A retro-
spective analysis of 54 consecutive patients with SSNS was
performed. In this cohort, the incidence of idiopathic NS
was 1.9/100,000, age at debut was 5.5 years, and the mean
follow-up was 4.0 years. A total of 56% (30/54) of our
patients were classified with FR/SD SSNS. FR/SD patients
were significantly younger at debut than non-FR/SD
patients (3.5 vs. 8.5 years, respectively; p<0.002). Males
were overrepresented in the FR/SD group (69 vs. 38%;
p=0.03). No differences were found in terms of haematuria,
hypoalbuminaemia, or days to achieve remission. In total,
31 and 23 patients were on a 6+6-week (pred-long) and 4+
4-week (pred-short) steroid treatment regimen, respectively.
There was a reduction in the number of FR/SD patients in
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the pred-long group relative to the pred-short group (38 vs.
80%, respectively). In the pred-long group, the 12 FR/SD
patients were younger than the 19 non-FR/SD patients
(4.4+3.1 vs. 8.4%4.1 years; p<0.005). Low age at debut
and male gender was associated with a high risk of SD/FR
in this unselected series of SSNS patients despite the
prolongation of the steroid course at debut of SSNS.
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Abbreviations

CyA Cyclosporine A

eGFR  Estimated glomerular filtration rate
ESRD End stage renal disease

FR Frequent relapsing

MMF  Mycophenolat mofetile

NS Nephrotic syndrome

SD Steroid dependent

SSNS  Steroid-sensitive nephrotic syndrome
Tac Tacrolimus
Introduction

Childhood idiopathic nephrotic syndrome (NS) is charac-
terized by minimal change on light microscopic examina-
tion in approximately 80% of patients [1] and by steroid
responsiveness in approximately 90% of patients [2].
Despite the favourable long-term renal outcome in steroid-
sensitive nephrotic syndrome (SSNS), the road to stable
remission is often complicated. The relapsing nature of the
disease presents a major challenge, and 60% of the patients
have a high relapse rate [3], with a subsequent risk of
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steroid toxicity. Several attempts have been done to identify
patient characteristics at debut associated with a high risk of
frequent relapsing (FR) or steroid-dependent (SD) NS. An
early identification of these patients would enable the
clinician to give more accurate information to the patient
and the family on the prognosis and the risk of long-term
immunosuppressive therapy. In addition, early prognostic
indicators may enable the selection of patients who would
benefit from supplementing the treatment regimen with
immunosuppressive agents and be an inclusion criterion for
planning new randomized studies aimed at improving
treatment protocols. The duration from initial steroid
therapy to remission, relapses during the first half year
after disease onset, low serum protein level and hematuria
have been proposed as independent risk factors [4—6].
Additionally, several studies have investigated the associ-
ation of young age at the initial episode of NS and a
complicated relapse pattern, but the results have been
conflicting [5, 7, 8].

The aim of this study was to determine clinical
characteristics at the initial episode of SSNS that may be
correlated to an adverse relapse pattern in an unselected,
population-based series of patients.

Material and methods

The cohort of patients enrolled in this study was identified
at the four paediatric departments in the Central Region of
Denmark, which cover a population of 227,000 children
aged 0-14 years (source: Key indicators, Statistic
Denmark, www.dst.dk) using the ICD 10 codes
NO0-NO8 (“glomerular disease”). Standard computerized
inpatient and outpatient statistics listed patients admitted
to the departments between 1 January 1997 and 31
December 2008 with the relevant ICD 10 codes. The
medical records of all listed patients were reviewed to
identify and study children with SSNS.

The inclusion criteria were idiopathic SSNS, age
<15 years at disease debut, residency in the geographical
area covered by the four paediatric departments and no
evidence of underlying systemic disease. Exclusion criteria
were steroid-resistant NS (SRNS), low C3 complement,
post-infectious glomerulonephritis, vasculitis, such as
Henoch—Schonlein nephritis, or specific glomerulonephri-
tis, such as dense deposit disease.

Definitions
Nephrotic syndrome was defined as proteinuria >40 mg/m*/h,
serum albumin <25 g/L, oedema formations and hyper-

lipidaemia. Relapse was defined as three consecutive days
with 3+ on urinary albumin dipstick. SRNS was present if
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proteinuria continued despite 4 weeks of prednisone treat-
ment. SDNS was defined as episodes with relapse during the
tapering down of steroid treatment or within 14 days of
ending treatment [9]. FR nephrotic syndrome was the
occurrence of more than two relapse episodes during the
first half year after disease debut or four episodes during a
random subsequent year [4]. Remission was achieved when
the urinary albumin dipstick was negative on three consec-
utive days.

Initial presentation data included age, gender and ethnic
origin. Renal function was estimated by the Schwartz
formula, with a k& value=0.55 (estimated glomerular
filtration rate, eGFR) [10]. Data on plasma albumin and
creatinine were collected. The level of proteinuria at the
initial episode was based on 24-h urine collections.
Haematuria was defined as +1 or more on the urinary deep
stick.

Treatment regimens

The initial NS episodes were treated differently depending
on the time of debut. Patients with debut before 2003
received a pred-short treatment regimen, which consists of
4 weeks of daily prednisone treatment (2 mg/kg/day or
60 mg/m?/day, maximum 80 mg/day) followed by 4 weeks
of alternate-day treatment (40 mg/m?). From 2003 to
2009, the initial episode was treated with a pred-long
treatment regimen (60 mg/m?/day, maximum 80 mg/day)
for 6 weeks followed by 6 weeks of alternate-day
prednisone (40 mg/m?). Relapses were treated with daily
prednisone (60 mg/m?/day) until remission was achieved,
followed by 40 mg/m” on alternate days for 4 weeks.
Indication for second-line immunosuppressive therapy
was FR/SD and included cyclophosfamide, cyclosporine
A (CyA), tacrolimus (Tac) and mycophenolat mofetile
(MMF).

Statistical analysis

Statistical analysis was performed using Stata software,
release 10 (College Station, TX) for Windows. Normally
distributed data were expressed as means and standard
deviations (SD). Comparison between groups was per-
formed using Student’s # test. Data not normally distributed
were expressed as medians and ranges, and comparisons
between such data were performed using the Wilcoxon rank
sum test. For binary data, the chi-squared test was used to
test the hypothesis of no association, and when data were
sparse Fisher’s exact test was applied. The relationship
between age at disease debut and the risk of FR/SD were
analyzed by linear regression analysis. The model was
checked by diagnostic plots of the residuals. p<0.05 was
considered to be statistically significant.
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Table 1 Clinical characteristics at the initial episode of nephrotic syndrome in the two groups of patients

Clinical parameters FR/SD?* (n=30) Non-FR/SD (n=24) p value
Time from initiation of steroid to remission (days) 10.5 (4-21) 12.0 (5-28) 0.36°
Serum albumin at debut (g/L) 15.5 (10-22) 16.5 (9-24) 0.11°
Haematuria at debut 54% (15/28) 49% (11/23) 0.68¢
Age at debut (years) 3.5 (1-14) 8.5 (1-14) 0.002+°
Gender (males, 7, %) 67% (20/30) 38% (9/24) 0.03*¢

*p<0.05 was considered to be significant

FR/SD, Frequent relapsing/steroid-dependent nephrotic syndrome (NS)

Data are expressed as the median, with the range in parenthesis; binary data are expressed as percentages

Patients subsequently developing FR/SD were significantly younger at initial episode than those in the non-FR/SD group, and there was an

overrepresention of males in this group
b .
Wilcoxon rank sum test

€ Chi-square test

Results

A total of 76 patients were admitted to the four departments
between 1 January 1997 and 31 December 2008 with a
diagnosis of NS. Of these, 62 were defined as idiopathic
(3 with mesangial proliferative glomerulonephritis, 5 SRNS
patients and 54 SSNS patients). The medical record of one
patient was unavailable. The incidence of idiopathic NS
was 1.9/100,000 children (age 0-14 years) and the
prevalence was 10.1/100,000.

Fifty-four patients (43 Caucasian, 4 Asian, 3 Arabic, 2
African, 2 mixed) met the criteria of SSNS and were
included in the study. The male:female ratio was 1.2:1
(29:25). The median age at debut was 5.5 years (range
14 months to 14 years and 4 months), and the median
follow-up time was 4.0 years (range 3 months to 19 years).
Two patients with debut in 2008 were followed for less than
12 months when inclusion was stopped with the collection
of data on 31 December 2008. At latest contact, December
2009 and January 2010, respectively, these patients had had
no further episodes. One patient was lost to follow-up after
2 years and was classified as steroid dependent at that time.

In total, 56% (30/54) of the SSNS patients had frequent
relapses or were steroid dependent (FR/SD group), and 29
of these 30 patients were treated with immunosuppressive
regimens other than prednisone. None of the patients in the
non-FR/SD group received other immunosuppressive ther-
apy in addition to steroids. The relapse rate in the FR/SD
group was significantly higher than that in the non-FR/SD
group (1.4+0.82 vs.0.28+0.44 relapse/year, respectively;
p<0.01, Student’s ¢ test).

The patients’ clinical presentation characteristics are
shown in Table 1. The median age of the patients at debut
was significantly lower in the FR/SD group than in the non-
FR/SD group [3.5 (range 1-14) vs. 8.5 (range 1-14) years,
respectively; p=0.002, Wilcoxon rank sum test. Males were

overrepresented in the FR/SD group compared to the non-
FR/SD group (20/30 vs. 9/24, respectively; p=0.03, chi-
square test). In the FR/SD group, there were no differences
in the number of males treated with pred-short compared to
females treated with pred-long (males 11/20 vs. females 6/
10; p=0.5, Fisher exact test). At debut, the median age of
the males was not significantly lower than that of the
females [5.0 (range 1-14) vs. 7.0 (range 1-14), respective-
ly; p=0.26, Wilcoxon rank sum test].

The risk of FR/SD was related to low age at initial
presentation. In total, 88% of the patients with debut before
the age of 4 years were subsequently classified as FR/SD.
Two different treatment regimens were applied, and pred-
long significantly reduced the relapse frequency during the

Relapse frequency during first year

4
B Pred

I
3 ong
[ Pred
short

Relapse numbers during first year
N

0

Fig. 1 The number of relapses during the first year was reduced in patients
treated with 60 mg/m%day for 6 weeks followed by alternate-day
40 mg/m?® (Pred-long) compared to the patients treated with
60 mg/m*/day or 2 mg/kg/day for 4 weeks followed by alternate-day
prednisone for 4 weeks (Pred-short). Mean relapse number in Pred-long
was 0.77+1.05 relapse/year versus 2.0+1.5 relapse/year in the Pred-short
group. The difference was significant at p<0.001 (Student’s # test)
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FR/SD group non-FRISD group| | FRISD group non-FRISD group
n=12 n=19 n=18§ n=5

Fig. 2 A total of 54 patients were included, and 31 were treated with
the pred-long treatment regimen and 23 with pred-short treatment
regimen. Mean age in the pred-long and pred-short groups was 6.9+
4.1 vs. 5.1+4.0 years, respectively (p=0.11, ¢ test). In the pred-long
group, the mean age of frequent relapsing/steroid-dependent (FR/SD)
nephrotic syndrome (NS) patients was 4.4+3.1 versus 8.4+4.1 years
for the non-FR/SD patients (p<0.005, ¢ test). In the pred-short group,
there was no significant difference in mean age between FR/SD and
non-FR/SD patients (6.6+£2.4 vs. 4.7+£4.3 years, respectively; p=0.36,
t test)

first year after debut (Fig. 1). A total of 31 patients were
treated with pred-long and 23 with pred-short (Fig. 2). The
mean age in the pred-long group was 6.9+4.1 years, which
was not significantly different from the mean age of 5.1 +
4.0 years in the pred-short group (¢ test p=0.11). In the pred-
short group, 80% (18/23) of the patients were FR/SD, which
was significantly higher than the proportion in the pred-long
group (38%, 12/31) (p<0.006, Fisher’s exact test). In the
pred-long group, patients with FR/SD were significantly
younger at debut than non-FR/SD patients (4.4+3.1 vs.
8.4+4.1 years, respectively; ¢ test p<0.005). To avoid the
influence of the steroid protocol used, we included only
the 31 patients in the pred-long group in an analysis of the
relationship between age at debut and the risk of FR/SD using
a linear regressions model (n=31, y=0.85—0.17x, r*= 0.93,
p=0.009) (Fig. 3). This analysis revealed that the youngest
patients had the highest risk of FR/SD and that the risk
declined with increasing age at first episode of SSNS.

A total of 51% of all patients had haematuria at initial
presentation, but no differences were found between the
non-FR/SD group and the FR/SD group. No significant

differences were seen between the groups in terms of
duration from initiation of steroid treatment to remission or
the level of plasma albumin at initial presentation (Table 1).

At last contact, all patients had normal renal function,
and only two patients were still treated with antihyperten-
sive therapy to stay normotensive.

Discussion

Steroid-sensitive nephrotic syndrome in childhood is
generally considered to be a benign disorder with an
excellent long-term renal outcome, a finding also demon-
strated in the unselected patient population presented here.
Nevertheless, more than half of the patients suffer from
multiple relapses. The results of our study demonstrate that
debut at early age and male gender constitute a significant
risk of FR/SD nephrotic syndrome.

The incidence of idiopathic NS has been surprisingly
stable for the last few decades and independent of the
population studied. We found an incidence in our region of
1.9/100,000, which is much similar to the 2/100,000 and
2.3/100,000 reported in the 1950s in the UK and USA,
respectively [11, 12]. Recently, an incidence of 1.9/100,000
was reported from New Zealand [13].

One interesting finding of this study was the relationship
between age at initial episode and the number of patients
subsequently developing FR/SD nephrotic syndrome. The
ratio of patients with FR/SD declined with a higher age at
debut while nearly 90% of patients with debut under the
age of 4 years developed FR/SD. The association between
young age and relapses has previously been proposed by
Takeda et al. [5] and Kabuki et al. [7]. Takeda reported that
the sustained cumulative remission rate is significantly
lower when patients present with NS at 7 years of age or
younger. One disadvantage in the methodology by Takeda
is that the infrequent relapsing patients were included in the
group of relapsing patients, and there is therefore a potential
risk of overestimating the number of patients developing a

Fig. 3 The age at initial episode 9r 1,
of NS and the number of sl O Patients with 09l
patients with subsequent FR/SD debut B
in the 31 patients treated with - U mPatientswith ._g'_ 08 o
the pred-long regimen. Grey g 6f FR/SD g 07r
bars Total number of patients = sl '_g 0.6
with debut of NS at a given age, s 5 05}F
black bars number of patients _E ar £ o4l -
with FR/SD related to the age at g 3F a 0' 3 "
NS debut. The ratio of patients =, £
with FR/SD declines with in- s 02
creasing age at debut of NS 1r 2 01p
e . s = 0 E
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complicated disease course from a clinical perspective. To
ensure that our approach was clinically relevant, we
focused on patients with FR/SD because of the significant
risk of steroid toxicity in this patient population and,
subsequently, a need for second-line immunosuppressive
therapy. Kabuki et al. reported that a subgroup of patients
with debut of NS before the age of 4 years had a higher risk
of frequent relapse, as revealed by a Kaplan—Meier
analysis. As demonstrated here and elsewhere [14], prolon-
gation of the initial steroid treatment course decreases the
first-year relapse rate and, more importantly, it also reduces
the proportion of patients subsequently being FR/SD from
80% to approximately 40%. This has previously been
reported in patients suffering from frequent relapses [15].
However, our study illustrates that despite prolongation of
the initial steroid treatment protocol, most patients with
debut at a low age will still suffer from FR/SD. It must be
noted, however, that our finding carries the limitations of all
retrospectively designed studies and that the number of
included patients was limited.

In contrast to the findings just mentioned, Constantinescu
et al. did not find that age at debut influenced the relapse
pattern [8]. This difference may be a consequence of the
longer follow-up in our study compared to that of
Constantinescu et al. who only studied the relapse pattern
in the first year of disease and thereby may have under-
estimated the true number of patients with FR/SD. An
International Study of Kidney Disease in Children (ISKDC)
report from the early 1980s also did not find a correlation
between age at debut and subsequent frequent relapses [4].
This study identified 389 patients with minimal change
nephrotic syndrome, but 171 patients were excluded because
of steroid resistance (27), incomplete data (99) or treatment
with other immunosuppressive therapy (45). One major
advantage of our study is that the enrolled patients were from
a well-defined and unselected population, thereby limiting
the risk of selection bias, and that we lost only one patient to
follow-up.

Contrary to the results reported by Yap et al. [6], we did
not find that the duration from initiation of steroid therapy
to remission correlated with the risk of FR/SD. This
discrepancy may be related to the steroid regimen used. A
significant number of the patients included by Yap were
treated by the 40-day drug course proposed by Ameil in
1968 [16]. This regimen reduces the steroid dosage after
10 days irrespective of the response on proteinuria, thereby
increasing the risk of an insufficient steroid concentration
and, consequently, prolongation of the time to achieve
remission. Additionally, the ethnic population described by
Yap differs significantly from the population described
here. Indeed, the ethnic composition of our study cohort
may limit the relevance of our findings to a population that
is predominantly Caucasian.

Another interesting finding of this study was that the
males were more at risk of developing FR/SD. Lewis et al.
reported a similar tendency in 68 patients observed in the
UK from 1963 to 1976 [17]. This finding may be a
consequence of the overall predominance of male patients
with NS, although this seems to be less pronounced here
than in previously reports [18].

The findings presented here may suggest that steroids
should be supplemented with second-line immunosuppres-
sive therapy at the first episode of NS in certain groups of
patients where even prolongation of the steroid protocols
seems insufficient to significantly reduce the risk of FR/SD.
A randomized trial by Hoyer et al. found a significantly
lower relapse rate in a patient group treated with prednisone
and supplementary CyA for 8 weeks compared to steroids
alone at the initial episode of NS. The beneficial effect was
most pronounced in patients younger than 7 years [19].
However, the effect was lost after 9 months, indicating that
the initial CyA therapy should be prolonged to achieve a
better sustained remission rate.

In conclusion, we have demonstrated that low age at
debut and male gender is associated with an increased risk
of FR/SD in an unselected population of Danish SSNS
patients and that the relation between young age and FR/SD
persisted despite a prolongation of the initial steroid
protocol. These data must be validated in a prospective
study, and further randomized studies are necessary to
evaluate whether the use of supplementary immunosup-
pressive treatment to prednisone at first episode of NS will
lower the risk of FR/SD without any unacceptable short- or
long-term risks.
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