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Abstract A retrospective study was made on 37 children
with idiopathic nephrotic syndrome (INS). At the beginning,
all patients were steroid sensitive but received more than one
steroid course (median 4). Following several relapses, they
became steroid dependent or steroid resistant. Group 1 con-
sisted of 22 children [3 focal segmental glomerulosclerosis
(FSGS), 19 minimal-change NS (MCNS)] who received
cyclophosphamide (CP) orally for 2.5±0.5 months. Group 2
consisted of 15 children (7 FSGS, 8 MCNS) who received
cyclosporine-A (CSA) for 28±15 months. The level of
proteinuria decreased significantly and remained low during
the follow-up. The relapse-free period was significantly
longer in the CP group (CP 30±21.5; CSA 26.2±18 months,
p<0.001). The relapse rate decreased significantly in both
groups and remained in this lower level during the follow-up
(from 3.4±2.8 to 0.1±0.2/year in group 1, and from 3.7±3.1
to 0.6± 0.8/year in group 2). At the end of the 5-year follow-
up, 20/22 patients (90.9%) and 10/15 patients (66.6%) were
in remission in groups 1 and 2 respectively, with or without
treatment (p<0.05). In the long term, both CP and CSA is
effective second-line therapy following steroid monotherapy
in INS patients, but the relapse rate was lower and the
relapse free period was significantly longer in the CP-treated
group.
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Introduction

Childhood idiopathic nephrotic syndrome (INS) is often
characterized by a relapsing course. Relapses result in the
administration of further courses of high-dose cortico-
steroids, placing the child at the risk of side effects,
including obesity, Cushing syndrome, hypertension, bone
disease, growth retardation, striae, cataracts, and behavioral
disturbances [1]. In the past two decades, alkylating agents
such as cyclophosphamide (CP) and chlorambucil (Chl),
the immunomodulatory drug levamisole, and calcineurin
inhibitors such as cyclosporine A (CSA) have been used as
the main steroid-sparing agents. Because of the relatively
low prevalence of the disease, it is difficult to establish the
precise stage at which a steroid-sparing agent should be
introduced or which one should be prescribed to control the
disease and minimize steroid toxicity [2]. In idiopathic
steroid-dependent NS (SDNS) and frequently relapsing NS
(FRNS), cytotoxic therapy is indicated after steroid using,
and there is no significant difference between CP and Chl
results. CSA can be used in teenage boys to avoid CP
gonad toxicity or in children with steroid toxicity and in
steroid-resistant NS (SRNS). In FRNS cases, levamisole
can be used to reduce relapse rate [3].

CP has been used in nephrology since the 1960s,
whereas CSA and levamisole were added to the armamen-
tarium of therapies in 1987, and a consensus guideline for
the treatment of NS was published by the British
Association of Paediatric Nephrology in 1994 [4].

The alkylating agent CP is widely used in SDNS and
FRNS in children, either orally (2–3 mg/kg per day for 8–
12 weeks) or in intravenous form (500–750 mg/m2 per
month for 6 months) [5]. CP has been shown to prevent
progressive scarring within the kidney, preserve renal
function, induce remission, and reduce the risk of end-stage
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renal failure, but it also causes lymphopenia, decreases
immunoglobulin secretion, suppresses some T-cell functions,
and enhances immune response by inhibiting suppressor T
cells.

CSA, a lipophilic decapeptide, is well recognized as
being effective in treating children with SDNS or SRNS.
Response rates of 50–100% have been reported in the
literature when twice-daily dosing of 5–32 mg/kg per day is
applied (the usual dose is 5–6 mg/kg per day), with blood
levels of 70–500 ng/ml being achieved [6]. Although there
is no standard protocol, the initial CSA treatment normally
lasts for 1–2 years [7]. Several mechanisms have been pos-
tulated to explain CSA-induced reduction in proteinuria in
NS, including changes in the properties of the glomerular
barrier, resulting in an increased charge and size selectivity
[8]; a reduction in glomerular plasma flow or ultrafiltration
pressure, which reduces proteinuria on a haemodynamic basis
[8]; and the inhibition of interleukin (IL)-2 production [9].

The aim of our study was to compare the effect and
long-term outcome of CP and CSA therapy in INS patients
who were originally steroid sensitive but after several
relapses became SRNS or SDNS.

Patients and methods

A retrospective study was made of the medical records of
37 children (25 boys, 12 girls) with INS who were admitted
to the Department of Pediatrics between 1989 and 2000
(follow-up time 5–13, median 7.1 years). At the start of
their disease, all were steroid sensitive, but following
several relapses, they became steroid dependent or steroid
resistant. Two groups of patients were identified. Group 1
consisted of 22 children (15 boys, 7 girls) age range 2–
14 (mean 7.4±3.6) years who received CP first as a second-
line immunosuppressive drug because of their NS. Group 2
consisted of 15 children (10 boys, 5 girls) who received
second-line treatment with CSA. Their ages at the time of
diagnosis lay in the interval of 5–16 (mean: 11.7±4.4) years.
Inclusion criteria were age at onset >1 year and ≤18 years,
SDNS or SRNS. Definitions were complete remission,
reduced urinary protein excretion to ≤0.1 g/day (≤4 mg/m2)
for 3 consecutive days; partial remission, decreased urinary
protein by ≥50% from the baseline on initial presentation;
SRNS, no improvement in proteinuria after 1 month of
prednisolone therapy of 60 mg/m2/day; SDNS, at least two
relapses during alternate-day steroid treatment or within
14 days after stopping steroid therapy; relapse, proteinuria
≥1.0 g/day (40 mg/m2) for 3 consecutive days.

Renal biopsy was performed in all cases, and it was
indicated because we wanted to see the histology before the
change of steroid therapy to another immunosuppressant.
Biopsy revealed minimal-change nephrotic syndrome

(MCNS) in 19 and focal segmental glomerular sclerosis
(FSGS) in three patients in group 1. In group 2, FSGS was
found in seven and MCNS in eight children.

The initial corticosteroid protocol at the start of NS was
prednisolone 60 mg/m2 daily in two divided doses for
4 weeks, followed by 40 mg/m2 in a single dose every other
day for 4 weeks, with the dose then being tapered by
10 mg/week according to the recommendations of the
International Study of Kidney Disease in Children (ISKDC)
protocol [10]. Relapses were treated by the same method in
all patients. All patients were steroid sensitive at the first
course of treatment, but they became SDNS or SRNS later
on. They received more than one steroid course; the median
number was four.

CP was introduced at 2–2.5 mg/kg per day orally for 8–
12 weeks. Mean duration of CP treatment was 2.5±0.5 (2–
3) months. CP therapy was associated with 1 mg/kg oral
prednisolone every other day. The mean proteinuria level at
the time of diagnosis was 5±3.5 g/day, which became
<0.5 g/day during the initial steroid therapy. Before the start
of CP treatment, proteinuria level was 3.9±2.9 g/day,
endogenous creatinine clearance was 100.4±50 ml/min per
1.73 m2, and the relapse rate was 3.4±2.8/year. The cumu-
lative steroid dose before CP introduction was 6,941±
2,891.2 mg/year.

CSA was introduced at 3–5 mg/kg per day. Mean CSA
treatment duration was 28±15 (7–60) months. CSA serum
drug level was monitored monthly; target concentration
levels were 100–200 ng/ml at trough and 800–1,000 ng/ml
at peak. CSA therapy was associated with 1 mg/kg
prednisolone every other day.

Proteinuria level at the time of diagnosis was 4.5±2.3 g/day
and became <0.5 g/day at the end of the first steroid course.
Before the start of CSA treatment, the mean proteinuria level
was 3.9±2.3 g/day, endogenous creatinine clearance was
86.6±27.3 ml/min per 1.73 m2, and relapse rate was 3.7±
3.1/year. Cumulative steroid dose before CSA introduction
was 7,656.4±3,517.2 mg/year.

Patients were checked monthly. At each visit, besides
clinical assessment, the following were performed in every
case: urinalysis, 24-h urinary protein measurement, urinary
protein:creatinine ratio, endogenous creatinine clearance
was mesured (based upon 24-h urine collection), estimated
glomerular filtration rate (eGFR) was calculated with
the Schwartz formula: GFR ¼ k � height cmð Þ=serum
creatinine mg=dLð Þ;where k ¼ 0:55, complete blood count,
serum creatinine determination, liver function tests, serum
lipid profile, and CSA blood concentration determinations.
Genetic analysis was not performed. At the start of the
study, all patients had normal liver function tests and
normal blood count. Endogenous creatinine clearance was
initially abnormal in 7/22 patients in the CP and in 5/15
patients in the CSA group.
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Statistical analysis

Patients’ clinical data are reported as median and mean ±
standard deviation (SD). Statistical analyses included the t
tests for comparison of parametric data. The level of
statistical significance was taken as p<0.05.

Results

Tables 1 and 2 present data on the treatment of patients
according to histology and clinical course of the disease.
Twenty-two INS patients received CP for 2.5±0.5 months
in the first course as a second immunosuppressive drug

after a remission with steroids was achieved. The average
time from the onset of NS to the start of CP therapy was
2.5±2.0 years. Fifteen of the 22 patients also received
methylprednisolone pulse therapy before administration of
CP. Fifteen children had SDNS and seven had SRNS.
Nineteen had MCNS and three had FSGS. Proteinuria
decreased from 3.9±2.9 to 0.5±1.4 g/day (p<0.01) and
remained at 0.9±1.7, 5 years later. One patient with FSGS,
who had heavy proteinuria (12.8 g/day) at the start of CP,
still had 6.2 g/day at the end of the 5-year follow-up. There
were three patients with MCNS who developed increasing
proteinuria, 1.8, 5.2, and 3.0 g/day, respectively, by this
time. Nine patients had a reduced creatinine clearance and
were ranged into the National Kidney Foundation Kidney

Table 1 Statistical data of the cyclophosphamide- and cyclosporine-A-treated patients according to the clinical course (SDNS or SRNS)

Group 1 (CP) Group 2 (CSA)

Clinical classification SDNS (15) SRNS (7) SDNS (8) SRNS (7)

Age at onset (year)

Mean±SD 7.7±3.8 6.4±2.9 9.5±4.7 14.3±2.4

Median (range) 9 (2–14) 7.7 (2.2–12) 8 (4.5–16) 15 (10–16)

Gender: male/female 12/3 3/4 7/1 3/4

Histology: MCNS/FSGS 12/3 7/0 4/4 4/3

Duration of treatment (month) 2.5±0.5 2.4±0.5 20.2±8.5 36.7±17.2

Urinary protein:creatinine ratio

before/after therapy

Before 2 years

after

5 years

after

Before 2 years

after

5 years

after

Before 2 years

after

5 years

after

Before 2 years

after

5 years

after

<0.2 mg/mg 1 11 10 0 5 3 7 6 4 7 3 4

0.2–2.0 mg/mg 4 3 4 1 1 2 1 2 3 0 3 3

>2.0 mg/mg 10 1 1 6 1 2 0 0 1 0 1 0

Urinary protein (g/24 h)

Mean±SD 4.1±3.3 0.4±0.8 0.7±1.6 3.3±2.3 0.3±0.6 1.3±2 4.4±2.6 1.3±3.3 0.9±2 3.5±2.1 1.4±2.1 0.3±0.2

eGFR (ml/min/1.73 m2),

(NKF K/DOQI CKD stages)

>90 (stage I) 4 5 7 1 1 4 2 0 5 1 2 3

60–89 (stage II) 5 4 3 5 3 0 4 4 1 3 2 3

30–59 (stage III) 4 3 3 0 2 1 1 3 1 2 2 0

15–29 (stage IV) 1 3 1 0 1 1 1 0 0 0 1 1

<15 (stage V) 1 0 1 1 0 1 0 1 1 1 0 0

BP (mmHg; mean±SD) systolic diastolic systolic diastolic systolic diastolic systolic diastolic

Before therapy 108.3±

12.3

72±7 106.4±

12.5

67.1±7.6 115.6±

9.2

77.5±8.5 119.3±

6

77.1±9

1 year after therapy 111.2±

12.3

71.3±8.5 107.1±

10.7

67.9±6.3 117.5±

12.8

76.8±7.0 120.7±

7.9

78.6±7.5

2 years after therapy 113±

15.3

72.2±10.9 104.3±

12.4

68.6±10.7 115±

17.7

72.5±10 119.2±

16.9

75±10.4

5 years after therapy 113.3±

11.4

74.3±8.0 122.1±

13.5

80±12.6 121.9±

11.6

78.7±6.4 122.1±

12.2

79.3±10.2

Relapse-free period (month) 29.9±21.5 30.3±23.3 28.1±22.4 24±12.7

Relapse rate/year 5 years after

therapy (mean+SD)

0±0.3 0.1±0.13 0.8±1.0 0.5±0.7

CP cyclophosphamide, CSA cyclosporine-A, SDNS steroid-dependent nephrotic syndrome, SRNS steroid-resistant nephrotic syndrome, MCNS
minimal-change nephrotic syndrome, FSGS focal segmental glomerulosclerosis, BP blood pressure, eGFR estimated glomerular flitration rate
(according to the Schwartz formula), NKF K/DOQI CKD stages National Kidney Foundation Kidney Disease Outcomes Quality Initiative stages
for chronic kidney disease
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Disease Quality Outcomes Initiative [11] stages for chronic
kidney disease (NKF K/DOQI CKD stage III–V) at the end
of CP therapy; one normalized by the time of the 5-year
follow-up. Eight of 22 patients had an elevated systolic
blood pressure (≥120 mmHg) at the end of the 5-year
follow-up period.

The relapse-free period was 30±21.5 months (29.9±
21.5 months in SDNS and 30.3±23.3 months in SRND
patients). The relapse rates decreased significantly from
3.4±2.8 to 0.5±0.6/year during the first course of CP
therapy and remained at this level (0.1±0.2/year) during
the 5-year follow-up (p<0.001). At the end of follow-up,
five patients were in remission (<0.4 g /day proteinuria,
≥80 ml/min per 1.73 m2 creatinine clearance) with
immunosuppressive therapy. In relation to CP therapy,
3/22 children had nausea, 2/22 had reversible hair loss,
1/22 had leucopenia, and 1/22 alopecia.

Fifteen patients received CSA for an average of 28±
15 months in the first course as a second immunosuppres-
sive drug after a remission with steroids had been achieved.
Twelve of the 15 patients also received methylprednisolone
pulse therapy before administration of CSA. Time from
diagnosis to the start of CSA treatment was 3.5±3 years.
Eight children had SDNS and seven SRNS. Seven had
FSGS and eight MCNS. Proteinuria decreased significantly
(at the start of CSA treatment, it was 3.9±2.3 g/day,
whereas at the end of CSA treatment, it was 0.9±1.4 g/day,
p<0.01; 5 years later, it was 0.7±1.6 g/day). Creatinine
clearance and eGFR did not significantly change during the
2-year follow-up but increased at the end of the study. Two
patients with FSGS and one with MCNS did not respond to
this CSA course: proteinuria was 3.5; 2.5, and 4.4 g/day,
respectively. Proteinuria increased further in an FSGS case,
to 6.1 g/day 5 years after the first CSA period, whereas in
the other FSGS and the MCNS patient, a further course of
CSA treatment resulted in a decrease in proteinuria to 0.4
and 0.5 g/day, respectively. After 5-years of follow-up,
eGFR deceased <15 ml/min per 1.73 m2 in two FSGS
patients. In these patients marked, hypertension had also
developed. The relapse-free period was 26.2±18 months
(28.1±22.4 months in SDNS and 24±12.7 months in SRNS
patients). Relapse rates significantly decreased, from 3.7±
3.1 to 0.9±0.5/year during the first CSA course and
remained at this lower level (0.6±0.8/year) during the
follow-up (p<0.001). At the end of follow-up in the CSA
group, four patients were in remission (<0.4 g/day
proteinuria, ≥80 ml/min per 1.73 m2 creatinine clearance)
with immunosuppressant therapy. During CSA treatment,
3/15 patients exhibited hirsutism, 2/15 tremor, 2/15 gingival
hyperplasia, and 1/15 nausea and appetite loss.

Table 3 represents the further therapy after the examined
period. In the CP group, CSA was introduced when CP
results were not sufficient (6/22). Four of 22 patientsT
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received prednisolone/mycophenolate mofetil therapy as
immunosuppression after CP. In the CSA group, 5/15
patients received more than one CSA course, and 4/15
needed other immunosuppressive therapy. One patient in
each group needed renal replacement therapy at the end of
the 5-year follow-up.

Figure 1 shows the clinical course according to the
histology of patients in remission or in relapse during the
follow-up period.

Discussion

Our retrospective study documents that the long-term
results of CP treatment in SDNS and SRNS in childhood
are at least as effective as those for CSA.

Clinical course of nephrotic syndrome

In our study, CP treatment duration was 2.5±0.5 months,
and the relapse-free period was 30.05±21.5 months (in 5/22
patients ≥60 months). Eighteen of the 22 patients (82%)
had a relapse-free period of more than a year following CP
therapy without other immunosuppressive treatment, and
altogether, 10/22 patients (48%) did not need further

immunosuppressive treatment until the end of the fifth
year. Of the CP-treated patients, 45.5% were in complete
and 36.3% in partial remission after the 5-year follow-up
(81.8% altogether). Further immunosuppressive therapy
was needed in 12/22 patients because of relapses.

In our CSA-treated group, CSA treatment duration was
28±15 months (7–60 months). The relapse-free period
following the start of CSA therapy was 26.2±18 months (in
2/15 patients it was ≥60 months). Of the CSA-treated
patients, 46.6% were in complete and 46.6% in partial
remission (93.2% altogether) at the end of the 5-year
follow-up, and 33% (5/15 patients) did not need therapy.
Because many patients relapsed, their treatment was resumed
or changed (see Table 3). Nevertheless, 9/15 patients still
needed maintenance immunosuppressant therapy from the
beginning until the end of the 5-year follow-up.

At the end of the fifth year, 10/15 patients were in
remission (66.6%) in the CSA group and 15/22 (66.2%) in
the CP group. The difference between the relapse-free
period and relapse rates after the first CP or CSA period
was significant in the 2-year and 5-year follow-up period,
with much rarer relapses following CP therapy (p<0.05).
When estimating our results, we found that partial
remission did not equal complete remission and might
finally not turn out beneficial for the patients.

Table 3 Further immunosuppressive treatment after first CP and CSA course

Treatment course Number of patients Treatment course Number of patients

Only 1 course of CP 10 Only 1 course of CSA 5
CP after CP 0 CSA after CSA 5
Prednisolone and CSA after CP 2 Prednisolone and CSA after CSA 1
CSA after CP 4 CP after CSA 1
Prednisolone after CP 2 Prednisolone after CSA 1
MMF after CP 1 MMF after CSA 1
MMF and prednisolone after CP 1 MMF and prednisolone after CSA 0
HD/CAPD and CSA after CP 1 HD after CSA 1

CP cyclophosphamide, CSA cyclosporin-A, MMF mycophenolate mofetil, HD hemodialysis, CAPD continuous ambulatory peritoneal dialysis

SDNS (n=23) SRNS (n=14)

Group I (CP, n=15) Group II (CSA, n=8) Group I (CP, n=7) Group II (CSA, n=7)

remission, n=8 relapsed, n=6 RRT remission relapsed

n (MCNS)=7 n (MCNS)=5 n (FSGS)=1 n (MCNS)=2 n (MCNS)=5

n (FSGS)=1 n (FSGS)=1

remission, n=3 relapsed, n=4 RRT remission relapsed, n=5

n (MCNS)=2 n (MCNS)=2 n (FSGS)=1 n (MCNS)=2 n (MCNS)=2

n (FSGS)=1 n (FSGS)=2 n (FSGS)=3

Fig. 1 Clinical course of CP-
and CSA-treated patients after
5 years’ follow-up. CP cyclo-
phosphamide, CSA cyclospor-
ine-A, SDNS steroid-dependent
nephrotic syndrome, SRNS ste-
roid-resistant nephrotic syn-
drome, RRT renal replacement
therapy, MCNS minimal-change
nephrotic syndrome, FSGS focal
segmental glomerular sclerosis
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Renal function, proteinuria, and hypertension

Compared with the CSA group, a significant decrease in
creatinine clearance was seen in patients who were treated
with CP first after steroids, at the end of CP treatment, and
2 years after CP therapy, but this change was reversible and
disappeared after 5 years. Endogenous creatinine clearance
and eGFR also showed a significant increase in the CSA-
treated group after the 5 years of follow-up. In the CP-
treated group, a significantly higher proportion of patients
had <0.4 g/day proteinuria (16/22 patients, 72.7%) than
those in CSA therapy (9/15 patients, 60%) at the end of the
5-year follow-up. At this time, blood pressure was
significantly lower after CP than following CSA therapy.

Renal histology

FSGS is an indicator for poor prognosis: 6/10 patients
relapsed, 3/10 patients developed end-stage renal failure
and needed renal replacement therapy, and only 1/10
patients was in remission at the end of the fifth year with
FSGS histology. In FSGS, the likelihood of remission is
much lower than in MCNS, which should make a mixture
of these two groups obsolete. The weakness of our study is
that whereas in the CSA group we had 7/15 FSGS patients,
there were only 3/25 FSGS in the CP-treated group, and
genetic studies were not performed. Although our patients
had documented steroid sensitivity at the onset, the
histology and the refractory course ending in end-stage
renal disease in some patients suggests that a subgroup
might have had a resistant or very poor response to steroids
initially.

Adverse events

The types of side-effects during CP and CSA therapy were
different. CP therapy applied for less than 3 months was not
associated with more side-effects than was CSA treatment.
Any complications in the two treatment groups proved to
be reversible, though none of our patients received more
than one course of CP therapy. There were no patients who
needed hospitalization due to severe infections during the
administration of oral CP or CSA.

The known side effects of CSA in the long term should
be taken into account in the treatment decision. Its use for
more than 1 year can result in chronic nephrotoxicity in 17–
60% of patients [6] (i.e. CSA-associated arteriolopathy,
tubulointerstitial lesions, and focal glomerular lesions [12]).
Other side effects include hypertension, gingival hyperpla-
sia, and hirsutism. Lijima et al. reported that CSA treatment
duration and duration of heavy proteinuria during CSA
treatment were independent risk factors for the develop-
ment of CSA-induced tubulointerstitial lesions in children

with MCNS who had been treated with long-term moderate-
dose CSA [13]. Also, when using cyclophosphamide, the
physician also must take into account the potential risk of
infertility, cardiac disease, and late cancer [14].

Cyclophosphamide or cyclosporine A for treatment?

Studies in which alkylating agents and CSA have been
compared have led to the conclusion that a course of
cytotoxic drug leads to a higher rate of cumulative
sustained remission compared with CSA [15, 16]. Pena et
al. achieved high remission rates (73.3%) in histologically
proven MCNS and FSGS SRNS patients using methyl-
prednisolone pulses and alkylating agents (CP, Chl)
together. They also concluded that initial steroid resistance
is a poor prognostic factor compared with late-onset steroid
resistance [17]. Our patients were steroid sensitive at the
beginning, which can explain our better results.

The efficiency of CP and Chl in patients with SDNS,
SRNS, and FRNS is defined by remission duration. The
effect of cytotoxic drug therapy in steroid-sensitive NS
(SSNS) depends on several factors, such as the underlying
glomerular disorder, e.g. MCNS, mild mesangial prolifer-
ation, immunoglobulin (Ig)M glomerulopathy [13, 18–20],
FSGS, steroid sensitivity, FRNS or SDNS course of NS
[21], type of cytotoxic drug [22], drug dose [14, 23],
treatment duration [24], and concomitant drug therapy [18].

The reported remission rates after cytotoxic therapy vary
from 0% after 12 months to about 30% after 5 years [25,
26]. In approximately 10% of the patients, however, NS
may relapse during cytotoxic treatment. The applied CP
dose varies from 105 to 588 mg/kg body weight cumula-
tively [27–29]. Higher dosages are associated with a higher
chance of relapse-free intervals, although the risk of side-
effects increases. According to the meta-analysis of
cytotoxic treatment in FRNS children published by Latta
et al., remission lasted for a maximum of 57 months after
the first course of cytotoxic therapy, and the overall relapse-
free survival after 4 years is <50%. On average, studies on
FRNS result in remission rates of 72% after 2 years and
36% after 5 years; rates for SDNS are 40% and 24%,
respectively [30]. Second courses of cytotoxic therapy are
reported to increase the rate of long-lasting remissions [31–
33]. We gave a CP dose of 112–168 mg/kg cumulatively in
one course, and we did not apply a second CP course in any
of the NS patients. Our better results may partially be
explained by the fact that our patients had SSNS at the start
of the disease.

In the study by Cattran et al., 49 SRNS FSGS patients
were treated with CSA + low-dose prednisolone and
compared with low-dose prednisolone + placebo and
followed for 200 weeks. They found 70% of the treatment
group vs. 4% of the placebo group had a partial or complete
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remission by 26 weeks. Relapse occurred in 40% of
patients by week 52 and in 60% by week 78, but the
remainder stayed in remission to the end of 200 weeks.
There was a decrease of 50% in baseline creatinine
clearance in 25% of the treated group compared with 52%
of the controls [34].

In the Cochrane Review, eighteen trials involving 828
children were identified. CP and Chl significantly reduced
the relapse risk at 6–12 months compared with predniso-
lone alone. In the single Chl vs. CP trial, no difference in
relapse risk was observed at 2 years. CSA was as effective
as CP and Chl, but the effect was not sustained when CSA
was ceased. The reviewers concluded that an 8-week course
of CP or Chl and prolonged courses of CSA reduce the risk
of relapse in children with relapsing SSNS compared with
corticosteroids alone. Meanwhile, the choice of agent
depends on the physician and patient preferences related
to therapy duration and the type and frequency of
complications [35].

Kemper et al. reported that SDNS can recur in patients
despite CSA maintenance therapy [36], and despite its
efficacy, the majority of patients relapse if CSA is stopped
[12, 37–39].

The effect of other alternative treatments before using
cytotoxic drugs—such as alternate-day steroids or levami-
sole—was not examined in this paper. We previously
published our results with levamisole in FRNS, SSNS,
and SDNS [3].

In summary, in the long term, both CP and CSA are
effective second-line therapies following steroid monother-
apy in INS patients, but the relapse rate is lower and the
relapse-free period significantly longer in the CP-treated
group. An important message of our study is that most
children who have a difficult course of nephrotic syndrome
after an initial remission induced by steroids do well 7–
8 years after presentation. A good remission rate can be
achieved after 5 years following initial CP and CSA
therapy, and the incidence of side effects is low.

On the other hand, our study is finally not able to give an
answer to the question as to which is the better treatment in
the examined patient population because it is a retrospec-
tive study with unequal distribution of FSGS in the
different treatment groups. In addition, no genetic studies
were performed, which means that about 10% of our
patients are expected to have a genetic disorder.
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