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Abstract Cyclophosphamide (CP) has been used for over
40 years in patients with steroid-sensitive nephrotic syndrome
(SSNS) presenting frequent relapses or steroid dependence
(SD). We evaluated retrospectively and tried to identify
parameters possibly associatedwith a prolonged and sustained
remission (PSR+) ≥5 years in 108 children with steroid-
dependent nephrotic syndrome (SDNS) treated with oral CP.
Patients had a follow-up time ≥5 years and were divided into
two groups according to achievement of PSR (+ and –).
Gender, histological injury, cumulative doses of CP, age of
onset of illness, and start of treatment and prednisone dose on
the occasion of relapse were analyzed. The overall cumulative
sustained remission for 5 and 10 years was 25 and 21.6%,
respectively. The only factor that influenced a PSR was the
degree of SD: the group PSR+ relapsed at prednisone
dose of 0.96±0.51 mg/kg vs. 1.29±0.59 mg/kg in group
PSR– (p=0.01). Also, patients who relapsed in the
presence of prednisone doses ≤1.4 mg/kg showed a
cumulative sustained remission of 43, 35, and 32.7% at
2, 5, and 10 years, respectively, versus 22.5, 12.5, and 5%
in those with prednisone >1.4 mg/kg (p=0.001). Our
findings suggest that patients with SDNS who relapse on
prednisone dose >1.4 mg/kg are especially prone to an
unfavorable response to CP use.
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Abbreviations
NS Nephrotic syndrome
MCNS Minimal change nephrotic syndrome
CP Cyclophosphamide
SPR Sustained prolonged remission
SDNS Steroid-dependent nephrotic syndrome
SSNS Steroid-sensitive nephrotic syndrome
ISKDC International Study of Kidney Disease in Children
APN Arbeitsgemeinschaft für pädiatrische Nephrologie

Introduction

Idiopathic nephrotic syndrome (INS) in children is charac-
terized by high sensitivity to steroids and about 77% had
minimal change disease (MCD) [1]. Approximately 80% of
children with steroid-sensitive NS (SSNS) have one or
more relapses, and about 50% have frequent relapses and/or
steroid dependence, [2–4] requiring higher exposure to
steroids. Prolonged use of steroids can cause significant
side-effects such as hypertension, obesity, cataracts, psy-
chosis, striae and growth failure [5], and alternative
therapies such as cyclophosphamide (CP), levamisole,
calcineurin inhibitors, and mofetil mycophenolate may be
used. CP has been used for over 40 years and several
clinical studies have shown its effectiveness in reducing
risk of relapse and maintaining a prolonged remission [6,
7]. The therapeutic response to CP can be influenced by
several factors. Children with SSNS and frequent relapses
have a higher proportion of cumulative sustained remission
than patients with steroid-dependent nephrotic syndrome
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(SDNS) [6]. Higher cumulative doses of CP appear to
provide a better answer, but this is not universally reported.
A study of the Arbeitsgemeinschaft für pädiatrische
Nephrologie (APN) [8] showed that children with SDNS
treated with 2 mg/kg/day of CP for 12 weeks showed a
remission rate of 67% at 2 years compared to 22% of
children treated for 8 weeks in the previous study.
Moreover, Ueda [9] in a prospective study showed that
children with SDNS due to MCD treated with 2 mg/kg/day
of CP had a similar percentage of remission at 5 years when
treated for 8 (25%) and 12 weeks (24%). Therapeutic
response of CP may also be influenced by the age at
treatment initiation as well as the age of onset of disease.
Patients aged >5.5 years at the start of treatment were more
likely to achieve sustained cumulative remission versus
those younger than 5 years [10]. Patients whose nephrotic
syndrome began before 3 years of age had a lower
probability of sustained remission [11]. The objective of
this study is to identify parameters possibly associated with
a prolonged and sustained remission.

Patients and methods

We retrospectively analyzed 108 children (69 boys and 39
girls) with SDNS who underwent therapy with oral CP. The
analyzed period was between May 1974 and July 2004 at
the Hospital Federal de Bonsucesso, Rio de Janeiro, Brazil.
No child had previously used cytotoxic agents or any other
type of adjunctive therapy for NS. The median age of
disease onset and initiation of treatment were 2.95 years
(range 1.1–14.1) and 4.92 years (range 2–14.94), respec-
tively, and the median time between disease onset and
start of treatment was 1.18 years (0.5–12.7). All patients
had a follow-up period ≥5 years after treatment with a
median of 9.5 years (5–29.2). Fifty-nine patients underwent
renal biopsy and only 18 had pre-treatment biopsy. The
criteria used in the definition of nephrotic syndrome were
the same as in the International Study of Kidney Disease in
Children (ISKDC) [12]. The initial treatment of NS, as well
as that of relapse was: prednisone (2 mg/kg/day) for
4 weeks and in case of remission, the same dose was
administered on alternate days for 4 weeks and thereafter,
25% reduction of every 2 weeks. We defined remission
when as urine free of protein, evaluated by proteinuria
≤4 mg/ m2/h, zero or traces of albumin in dipstick probe for
3 consecutive days. Relapse was defined as a reappearance
of proteinuria ≥40 mg/m2/h or Albustix 2+ or greater for 3
consecutive days. Steroid-dependency was defined as the
occurrence of two consecutive relapses during alternate-day
steroid treatment, or the appearance of recurrence until 14
days after its withdrawal. The CP was introduced after the
induction of remission of NS by prednisone, which was

continued in alternate days and tapered subsequently. The
dose of CP in mg/kg/day, cumulative dose (CD) in mg/kg,
or in mg/m2/body surface area (BSA), duration of treat-
ment, and dose of prednisone in mg/kg at the time of
relapse were calculated. For comparison purposes, we
define prolonged and sustained remission (PSR +) as 5 or
more years without relapse and no other immunosuppres-
sive treatment. Patients were then divided into two groups:
group I, with prolonged sustained remission (PSR +) and
group II, those who did not achieve a PSR (PSR–). For
statistical analysis, the software MedCalc® for Windows,
Statistics for Biomedical Research Software version 9 was
used. Student's t test was used to compare differences
between means, and Mann–Whitney U test for non-
parametric comparisons. Fisher's exact test to compare
frequencies of qualitative variables, the ROC curve to
identify the best cut-off of the CP dose/m2/BSA, prednisone
dose at relapse and age of onset of illness and start of
treatment, the Kaplan–Meier survival analysis to compare
time of remission, log-rank test to compare survival curves,
and Cox proportional hazards analysis to examine the effect
of various factors on survival. A p value<0.05 was set to
indicate a significant difference.

Results

Patients' characteristics, treatment and its results are
depicted in Table 1. The percentage of overall cumulative
sustained remission was 34.3, 25, and 21.6% at 2, 5, and
10 years, respectively. Three patients relapsed after 5.1, 6,
and 7.3 years in remission. In our study, 18 patients
underwent renal biopsy prior to treatment: MCD in 15
patients, diffuse mesangial proliferation (DMP) in two
patients, and focal and segmental glomerulosclerosis
(FSGS) in one patient. Forty-one patients underwent renal
biopsy 32 months (0.1–145) after starting treatment, with
the following diagnosis: MCD (30), DMP (two), FSGS
(eight) and membranous glomerulonephritis (MGN) (one).
The percentage of cumulative sustained remission was
similar in children who received treatment without biopsy
versus those who had prior biopsy, 23.3% and 21.9% vs.
33.3% and 22.2% at 5 and 10 years, respectively (p=0.64).
There was no difference between the response to CP in
relation to the MCD and other histologic lesions (p=0.66)
Table 1. Gender and duration of NS before CP did not
influence the PSR (p=0.72 and 0.88, respectively).

Concerning the degree of steroid dependence, patients who
achieved a PSR+relapsed with an average dose of prednisone
equal to 0.96±0.51 mg/kg versus 1.29±0.59 in those with
RPS (p=0.01). With a cut-off of 1.4 mg/kg, patients who
relapsed on doses ≤1.4 mg/kg/prednisone, the overall
cumulative probability of sustained remission was 43, 35,
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and 32.5% at 2, 5, and 10 years, respectively, versus 22.5,
12.5, and 5% for those who relapsed at doses >1.4 mg/kg
(p=0.001) (see Fig. 1).

The CD of CP (mg/kg) was not statistically different
between those with and without PSR+. A cut-off point of
168 mg/kg (equivalent to 2 mg/kg/12 weeks), the cumulative
probability of sustained remission was similar in patients
treated with CD higher as well as lower than this dose (Fig. 2),
despite the different total doses: 145±18.66 mg/kg versus
209.96±22.66 mg/kg (p<0.0001). The median cumulative

CP dose in mg/m2/BSAwas similar between patients with or
without RPS+ (Table 1) but the patients who used a CD/m2/
BSA >5,020 mg had sustained a longer cumulative
remission than those with doses ≤5,020 mg, p=0.016
(Fig. 3). These two groups differed significantly in the total
dose (5,879±730 vs. 4,106±639 mg, p < 0.0001). The group
with CD >5,020 mg showed age at start of treatment
significantly higher: 7 (2.37–14.94) versus 4.71 years (2–
14.31), p=0.0027. However, 24/31 patients (77.4%) who
used a CD >5,020 mg/m2/BSA relapsed while using

Fig. 1 Probability of sustained remission of patients with prednisone
doses higher or lower than 1.4 mg/kg at time of relapse

Table 1 Patients' clinical and demographic characteristics

Group 1 (n=27) Group 2 (n=81) p value
PSR+ PSR-

Gender: male/female 16/11 53/28 0.72

Median age at disease onset (years-range) 3.1 (1.4–13.7) 2.9 (1.1–14.1) 0.12

Age at disease onset (years): ≤ 2.2/>2.2 5/22 33/48 0.06

Median age at beginning of treatment (years-range) 5.7 (2.3–14.2) 4.6(2–14.9) 0.08

Age at begin of treatment (years):<7/ ≥7 15/12 61/20 0.08

Median duration of NS (years-range) 1.2 (0.5–9.9) 1.2 (0.5–12.7) 0.88

Mean CP dose (mg/kg/day) 2.41±0.32 2.45±0.34 0.59

Mean duration of treatment (weeks) 10.40±2.27 10.3±2.10 0.83

Mean CD CP dose (mg/kg) 174.37±38.23 175.24±35.65 0.92

Median CD CP dose (mg/m2/BSA) 4,940 (2,850–7,540) 4,505 (2,480–8,640) 0.58
n=27 n=76

CD CP dose (mg/m2/BSA) : ≤5,020/>5,020 15/12 58/18 0.07

Mean prednisone at relapse (mg/kg) 0.96±0.51 1.29±0.59 0.01
n=27 n=76

Prednisone at relapse (mg/kg): ≤1.4/>1.4 22/5 42/34 0.02

Histological diagnosis: MCD/Others 5/2 40/12 0.66
MCD/ DMP/FSGS/MGN (5/1/1/0) (40/3/8/1)

NS nephrotic syndrome; CP cyclophosphamide; CD cumulative dose; BSA body surface area (in m2 ); MCD minimal change disease; DMP diffuse
mesangial proliferation; FSGS focal and segmental glomerulosclerosis; MGN membranous glomerulonephritis

Fig. 2 Probability of sustained remission of patients with cumulative
cyclophosphamide doses higher or lower than 168 mg/kg
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prednisone at a dose ≤1.4/kg mg versus 39/72 (54.1%) that
had a CD ≤5,020 mg/m2/BSA (p=0.04) at the same dose of
prednisone. Age at start of treatment did not differ
significantly between the patients that had or did not have
a PSR: 5.7 years (2.3–14.2) vs. 4.6 years (2–14.9), p=0.08.
Considering a cut-off of 7 years, i.e., patients that began
treatment with age ≥7 years, showed a higher cumulative
sustained remission than those with age under 7, p=0.017
(Fig. 4) and 24/32 (75%) of patients with age ≥7 years
relapsed under prednisone daily dose ≤1.4 mg/kg vs. 39/71
(55%) of patients with age <7 years (p=0.08). Concerning
age at disease onset, no difference was observed between
patients with or without PSR: 3.1 years (1.4–13.7) vs.
2.9 years (1.1–14.1) (p=0.12). However, children whose
disease onset was >2.2 years had higher cumulative
sustained remission than those younger than ≤2.2 years
(Fig. 5). Of patients aged >2.2 years, 66% relapsed on a

daily prednisone dose ≤1.4 mg/kg vs. 51% in those younger
than <2.2 years (p=0.21).

The Cox proportional hazards regression identified the
dose of prednisone ≤1.4 mg/kg at relapse was the only
parameter that had an influence on cumulative sustained
remission, p=0.0043 (Table 2).

Discussion

A single-center retrospective analysis was conducted
involving 108 children with SDNS treated with cyclophos-
phamide (CP). Of these patients, 25% remained without
relapse for a period of 5 years or more and were compared
to 75% of the original group that relapsed. Out of these
patients that relapsed, 48, 65, and 75%, experienced relapse
during the first 1, 2, and 5 years following the CP
treatment, respectively. The present study showed that the
grade of steroid dependence was the main factor (compared
to the others analyzed in our study) related to a prolonged
sustained remission. We should remark that comparison

Fig. 4 Probability of sustained remission of patients with age ≥7 years
versus patients with age <7 years at begin of treatment

Fig. 3 Probability of sustained remission of patients with cumulative
doses of cyclophosphamide higher or lower than 5,020 mg/m2 of body
surface area

Fig. 5 Probability of sustained remission of patients with age
2.2 years versus patients with age <2.2 years at disease onset

Table 2 Cox proportional hazards analysis to examine the effect of
various factors on survival

Covariate p value Relative
risk

95% CI

Age at beginning of
treatment: 7 years

0.2737 0.7401 0.4329 to 1.2652

Age at disease onset:
2.2 years

0.2507 0.7524 0.4642 to 1.2195

Prednisone mg/kg at
time of relapse: 1.4

0.0366 1.6475 1.0340 to 2.6250

Cumulative dose
(mg/m2/BSA): 5,020

0.1899 0.6931 0.4018 to 1.1957

Overall model fit: p=0.0043
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with other studies is difficult due to the different criteria
adopted concerning patient selection, definition of steroid
dependence, initial treatment of NS, as well as recurrence
and the indication of CP use.

The authors are aware of the limitations imposed by a
retrospective study design. However, both analyzed groups
were homogeneous and allowed to obtain some conclusions.

In the literature, some parameters such as histological
lesion, age of disease onset and initiation of treatment with
CP, cumulative dose of CP in mg/kg or mg/m2/BSA were
related to a successful outcome [8, 10, 11].

Renal biopsy prior to CP begun in patients with SDNS is
unusual in our department. Eighty-three percent of patients
began treatment without performing renal biopsy and were
similar to those treated with a previous biopsy, showing that
the therapeutic response to CP best correlates with steroid
sensitivity than the histological lesion [13–15].

Vester [10] showed that an age at onset of treatment
>5.5 years correlated with better sustained remission in
children with SSNS due to MCD. Srivastava et al. [16]
reported that children older than 8 years at the beginning of
treatment is a good predictor of response to oral CP.
Regarding age of onset, Kyrieleis [11] showed that an age
<3 years predicts a low likelihood of achieving remission in
children with SSNS (MCD) treated with CP. In our patients,
ages at onset and initiation of treatment were similar in
patients who achieved or did not achieve a prolonged
sustained remission. However, despite the fact that the
overall rate of sustained remission was higher when patients
were older than 2.2 years at disease onset, and start of
treatment older than 7 years, these factors are not significant
after the Cox proportional-hazard regression analysis. An age
<4 years at the start of SSNS is associated with an increased
likelihood of frequent relapses and a greater time interval to
achieve remission [17]. Recently, Andersen et al. [18]
showed that an early age of onset of SSNS and male gender
were associated with a high risk of steroid-dependence and
frequent relapses. Possibly a better response to CP in patients
whose NS began and started CP later would be explained by
the natural course of disease.

An important aspect is that side-effects of CP are related
to higher cumulative dose [6] and the ideal would be to use
a dose as low as possible to get a better effect. There are
controversies in the literature in relation to cumulative dose
and its effectiveness. Higher CDs showed a higher
recurrence-free period [8, 19, 20] while others have not
confirmed this finding [9, 10]. The study of APN [8]
showed better response with higher cumulative dose. Ueda
[9] in contrast, showed in a prospective study a remission
rate of 25 and 24% at 5 years in patients with SDNS with
CDs of 112 and 168 mg/kg, respectively. Kyrieleis [11] and
Kemper [21] found a remission rate of 35 and 30% at
2 years, with cumulative doses of 168 mg/kg. Our data

showed no benefit of CP treatment with a higher cumula-
tive dose in mg/kg. The best response of patients in the
APN study could be explained by patients’ characteristics:
predominance of females, which is not common in patients
with SDNS, age of onset of disease at an older age, as well
as at treatment start in opposition to our study and others [9,
21]. Regarding the CD in mg/m2/BSA,Vester [10] found
that patients using CD >5,040 mg had remission’s rates
sustained at 10 years of 45 versus 11% from who used
doses <5,040 mg. Patients who used doses >5,040 mg were
older at age of start of treatment with CP than those patients
who used CD <5,040 mg/m2/BSA. Vester speculated that
preschool children may have been undertreated, but this
study included patients with SDNS and patients with
frequent relapsing NS, which could have influenced the
results. Our study showed that a CD in mg/m2 of CP was
not different between groups with or without PSR, but with
a cut-off of 5,020 mg, the patients who used doses
>5,020 mg showed a probability of sustained remission
significantly higher than those with doses <5,020 mg.
These patients had a higher age at start of treatment and the
majority (77.4%) recurred with treatment doses of predni-
sone <1.4 mg/kg, which could have provided a better
response.

The present study showed that the only factor related to a
cumulative sustained remission ≥5 years was the degree of
steroid dependence. Patients who relapsed at doses of
prednisone ≤1.4 mg had a higher percentage of cumulative
sustained remission versus those who relapsed with doses
>1.4 mg/kg. Given the unfavorable results of treatment with CP
in patients that relapsed with a dose of prednisone >1.4 mg/kg,
we wonder whether cyclophosphamide should be indicated in
these patients, thus avoiding possible side-effects of the drug.
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