Pediatr Nephrol (2008) 23:2221-2226
DOI 10.1007/s00467-008-0914-y

ORIGINAL ARTICLE

Prediction of high-degree steroid dependency in pediatric

idiopathic nephrotic syndrome

Béatrice Letavernier - Emmanuel Letavernier -
Sandrine Leroy - Valérie Baudet-Bonneville -
Albert Bensman - Tim Ulinski

Received: 17 January 2008 /Revised: 5 May 2008 / Accepted: 23 May 2008 / Published online: 11 July 2008

© IPNA 2008

Abstract Most patients with idiopathic nephrotic syn-
drome are steroid-responsive, but about 50% relapse and
often become steroid-dependent and exposed to long-term
steroid complications. The aim of this study was to
determine predictive risk factors for steroid and/or cyclo-
sporine A (CyA) dependence. In France, steroid respon-
siveness is defined as remission after 1 month of oral
prednisone (60 mg/m’> per day) and—in the case of
persistent proteinuria on day 30—three methylprednisolone
pulses (MPP; 1 g/1.73 m® on days 1, 3, and 5). Thirty-five
steroid-responsive children, followed between 1999 and
2006, were included in this study. Median age at diagnosis
was 4.9 years. All patients initially received prednisone
60 mg/m2 per day. Twenty-four of the 35 patients were
steroid-dependent, with 12 requiring MPP. Of the latter 12
patients, 83.3% were treated with CyA during follow-up; in
comparison, only 16.7% of the patients who did not receive
MPP required CyA during follow-up (chi-square test, P=
0.001). T risk for steroid dependence was 100% in our
cohort if remission was achieved after day 20. Patients who
need MPP are at high risk to require CyA to achieve
disease control. By identifying these children, we could use
adequate immunosuppressive drugs earlier and reduce
morbidity related to steroids and multiple relapses.
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Introduction

Idiopathic nephrotic syndrome (INS) is the most frequent
glomerular disease in childhood, with an annual incidence
of approximately two to three new cases per 100,000
population under the age of 18 years [1, 2]. The age at
onset is generally between 18 months and 6 years, and there
is a 2:1 male/female ratio. The International Study of
Kidney Disease in Children guidelines for the initial
treatment of patients between 18 months and 6 years
presenting with INS are based upon a high-dose prednisone
therapy (60 mg/m? daily) for 4 weeks. Most of patients are
steroid-responsive, going into complete remission, but
about 50% relapse and often become steroid-dependent. In
France, steroid sensitivity is defined as remission induced
by oral prednisone (60 mg/m” per day) over 30 days,
followed by three methylprednisolone pulses (MPP) of
1 g/1.73 m? every other day (treatment days 31, 33, and 35)
in the case of nephrotic proteinuria by treatment day 30 [3].

The prolonged administration of continuous or discon-
tinuous steroids can be associated with long-term compli-
cations, such as short stature, susceptibility to infections,
obesity, hypertension and hirsutism [2]. Steroid-sparing
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agents, including levamisole, cyclophosphamide, mycophe-
nolate mofetil, cyclosporine A (CyA) or, more rarely,
tacrolimus [4, 5] and rituximab [6], are used to reduce or
avoid steroid toxicity.

The aim of this study was to determine predictive risk factors
for the development of high-degree steroid dependency early in
the disease course. A stepwise increase of immunosuppression
is often related to multiple relapses and an increase of the
cumulative steroid dose. The early identification of those
patients who require CyA for disease control could reduce the
number of relapses and the cumulative steroid dose and,
thereby, steroid- and disease-related morbidity.

Patients and methods
Patients

All children who had been referred with a first manifesta-
tion of INS to the department of pediatric nephrology of the
Armand-Trousseau hospital, Paris, between 1999 and 2006
were considered for inclusion in this retrospective study.
These patients were identified with INS as a discharge code
or a text word in their computerized hospital records.
Children with a follow-up <12 months were not included,
and steroid-resistant patients were also not included.

A relapse was defined by a urine dipstick reaction >3+
protein for 3 consecutive days associated to a decrease of
serum albumin to <30 g/l. Complete remission was defined
by a persistent negative or trace urine dipstick reaction,
confirmed by measurement of urinary protein und creati-
nine. An initial remission followed by two or more relapses
during the steroid reduction period or within 1 month after
tapering off prednisone was defined as steroid dependence.
Steroid resistance was defined by persistent proteinuria
after 30 days of oral prednisone (60 mg/m?) and 3 doses of
MPP (1 g/1.73 m?) on days 31, 33 and 35.

All patients initially received prednisone (60 mg/m? per
day) for 30 days. The relapses were treated by oral
prednisone at 60 mg/m? per day until remission plus 7
additional days, then the prednisone dose was tapered to
60 mg/m” every other day (EOD) for 4 weeks, followed by
a reduction of 15 mg/m* EOD per week to the lowest dose
necessary to maintain remission and, ultimately, discontin-
uation of treatment if appropriate. If the patient was not in
remission after 1 month of oral prednisone, three doses of
MPP (1 g/1.73 m* EOD) were given. Those patients who
went into remission after MPP administration were contin-
ued on oral prednisone at 60 mg per m* every other day for
2 months and then tapered every 2 weeks in the usual
manner and discontinued if appropriate. Only patients who
did not respond to MPP were considered here to be steroid
resistant. They were not included in this study.
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Steroid-sparing agents were introduced if the patient
presented frequent relapses (>2 relapses per year), and/or if
the steroid dosage to maintain remission was >20 mg/m*
EOD and/or if steroid related side effects were unacceptable
in terms of growth retardation or obesity despite adequate
diet. The initial steroid-sparing agent used was levamisole;
if relapses occurred under levamisole while prednisone was
>20 mg/m? EOD, we introduced oral cyclophosphamide
(cumulative dose of 170 mg/kg over 3 months); if the
patient relapsed while on prednisone >20 mg/kg EOD, we
introduced mycophenolate mofetil (MMF). If the patient
relapsed on MMF while the prednisone dose was
>20 mg/m® EOD, oral CyA was introduced. The initial
CyA dose was 5 mg/kg daily and was adjusted to maintain
blood CyA at levels between 100 and 150 ng/mL. Patients
who relapsed after cyclophosphamide treatment before
2003 received CyA, as experience with MMF was limited
at this time. The concept of a stepwise increase of
immunosuppressive therapy was applied for the vast
majority of patients. The exceptions were those patients
with a very high degree of steroid dependancy with relapses
under prednisone at 60 mg/m> EOD. In these patients, the
first steroid-sparing agent was cyclophosphamide instead of
levamisol. For all patients, cyclophosphamide was given
before the introduction of CyA. Treatment for all 24
patients is summarized in Table 1. Non-effectiveness of
cyclophosphamide was defined as relapse while prednisone
was >20 mg/m* EOD.

All these treatments were individually adapted according
to patient’s history and adverse effects due to immunosup-
pressive treatment.

Statistical analyses

Age at onset, gender, days to remission after initial steroid
therapy, MPP, number of relapses, mean steroid dose,
immunosuppressive drugs, serum creatinine and steroid-
related adverse events were collected and considered as
potential predictive factors of CyA requirement.

Statistical analysis were performed using SIGMA STAT ver.
3.5 (Systat, San Jose, CA) or EPIINFO EPI INFO software
(Centers for Disease Control and Prevention, Atlanta, GA),
and graphs were created using SIGMA PLOT ver. (Systat). We
first described the main clinical and biological character-
istics of the population. Then, for the first analyses, the
requirement to MPP was considered as the outcome. We
studied the relationship between the requirement to MPP
and age, gender, number of days to achieve remission after
initial steroid therapy, number of relapses and steroid
dependency, respectively. For dichotomous variables, we
calculated an odds ratio (OR), its 95% confidence interval
(CI) using the maximum likelihood method and a Fischer
exact test. If the 2x2 table contained a zero cell, we
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Table 1 Patient characteristics and treatments in all 24 steroid-
dependent patients

Patient  Age at Sex MPP Lev CyP CyA MMF
no. disease
onset
(years)
1 5 F No X
2 9 M No X X
3 2.5 F No X X
4 2 M No X X
5 1.5 F No X X X
6 5 M No X X
7 9 M No X
8 2.5 M No X
9 3.5 M No X
10 16 M No
11 3 M No X X
12 6.5 M No X X X
13 4 M Yes X
14 5 M Yes X
15 11 M Yes X X X
16 6 M Yes X X
17 8 M Yes X X X X
18 3 F Yes X X X
19 4 M Yes X X X
20 2 M Yes X X X
21 3 M Yes X X
22 2 M Yes X X
23 2 M Yes X X
24 2 M Yes X X X

Lev Levamisol; CyP cyclophosphamide; CyA cyclosporin A; MMF
mycophenolate mofetil; /' female; M male

calculated a corrected OR by adding 0.5 to each cell of the
table [7]. The distributions of continuous variables were
compared using the non parametric Mann—Whitney test
because of non-homogeneity of variance. For further
analyses, we considered the CyA requirement to control
the disease course as the outcome to be predicted. We
studied the relationship between CyA requirement to
maintain remission and all the previous variables, including
the requirement to MPP. Finally, we evaluated the discrim-
inating power of MPP for CyA predictability, calculating
sensibility, specificity, positive and negative predictive
values, and positive and negative likelihood ratios (LR).

Results

Patients characteristics

Thirty-five patients (25 boys, two Africans, 33 Caucasians)
were included. They were diagnosed with INS at a mean

age of 4.9 years (SD 3.6, range 1.5-16 years). Among the
35 steroid-sensitive patients, 24 (69%) became steroid-

dependent, and 11 (31%) were not steroid-dependent and
did not require MPP or steroid-sparing agents. Twelve
(50%) of the steroid-dependent patients required MPP to
obtain remission. The mean number of relapses was 3.5
(SD 3.9, range 0-19), and the mean follow-up was 4.2 years
(SD 1.6). Among the steroid-dependant patients, the mean
dose of steroid therapy required was 1.1 mg/kg per day (SD
1.1, range 0.3-3.0 mg/kg per day). Immunosuppressive
drugs used to control disease in the 24 (69%) steroid-
dependent patients were: levamisol (14 patients, 40%),
cyclophophamide (19 patients, 79%), MMF (9, 38%), and
CyA (12, 34%). The mean number of relapses before the
use of CyA was 3.8 (SD 1.9, range 1-8).

Adverse effects associated with steroid therapy were
hypertension (normalized under amlodipin; 0.15 mg/kg
twice daily) in three patients from the group who received
MPP and growth retardation for one patient. None
developed infectious complications or avascular bone
necrosis. Adverse effects associated with CyA therapy were
infrequent and reversible: CyA was switched to tacrolimus
in one patient because of severe hypertrichosis. The
duration of CyA treatment was 19 (range 2—131) months.
Four patients were biopsied because CyA treatment
duration exceeded 24 months. All biopsies revealed
minimal change disease without histological evidence for
CyA nephrotoxicity. One case of reversible acute renal
failure was noted, but there was no case of chronic renal
failure.

MPP requirement

The distribution according to the time interval between the
first day on oral prednisone and remission is displayed in
Fig. 1. Among the children who had not achieved remission
by the 20th day of initial steroid treatment, 100% required
MPP and became steroid-dependent. None of the other
variables (age at disease onset, sex, number of days to
remission at first disease manifestation, level of steroid
dependency or number of relapses) were significantly
related to MPP requirement. A comparison of steroid-
dependent patients who required MPP and those who did
not is given in Table 2.

Cyclosporine A

Twelve steroid-dependent patients required CyA. The time
interval between disease onset and introduction of CyA was
14.1 months (range 2-37 months), regardless of the need
for MPP.

The median number of days to achieve remission after
the first steroid therapy was significantly higher in children
who required CyA than in those who did not: 20.0 vs.
8.0 days, respectively (P=0.02). Of the children who had
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Fig. 1 Distribution of steroid-responsive patients without steroid
dependency (open block), steroid-dependent patients without methyl-
prednisolone pulses (MPP) (hatched block) and steroid-dependent
patients who required MPP (diagonal striped block) according to the
rapidity of remission during the initial prednisone course

not achieved remission by day 20 of the initial prednisone
treatment, 100% required CyA. There was a strong and
statistically significant association between CyA requirement
and MPP treatment (OR 52.5, 95% CI 5.0-694, P<0.001).
The steroid dependency was also significantly associated to
MPP requirement (Table 2). None of the other variables were
significantly related to CyA requirement.

Among the 12 patients with CyA requirement, ten had
previously received MPP to achieve remission. The
requirement for MPP had a sensitivity of 91% (95% CI
59-100), and a specificity of 85% (95% CI 55-98). The

Table 2 Comparison of patients with steroid-dependent nephrotic
syndrome who required MPP with those who reached remission on
oral prednisone

Variables SDNS with MPP SDNS w/o MPP
(n=12) (n=12)

Age 4.3+0.8 5.5+€1.2

Gender (F/M) 1/11 3/9

Immunosuppressive 32 24

drugs
Levamisol 8
Cyclophosphamide 10 7
Mycophenolate mofetil 6 7
Cyclosporine A 10 2

Relapses before 7.5£1.9 (n=10) 3.5 (n=2)
cyclosporine A*

Relapses after 0.2+0.1 (n =10) 1.0 (n=2)
cyclosporine A

Follow-up (years) 39+1.7 42+1.4

SDNS Steroid-dependent nephrotic syndrome; MPP methylpredniso-
lone pulses

Relapses before and after cyclosporine A (CyA) are given as the total
number among patients who had been started on CyA during disease
course
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requirement for MPP also had positive and negative
predictive values for CyA requirement of 83 (95% CI 52—
98) and 92% (95% CI 62-100), respectively; the positive
and negative likelihood ratios were 5.9 (95% CI 1.6-21)
and 0.1 (95% CI 0.01-0.7).

Discussion

Identification of the character of INS during the first disease
manifestation is challenging. We have demonstrated that
nephrotic children who require MPP to achieve remission
during the first manifestation are at high risk to require CyA
for disease control. Further, in our cohort, all of those
patients who did not achieve remission by day 20 of the
initial prednisone course required MPP.

Efforts have been made earlier to identify the relapse
pattern of a child presenting with a first manifestation of
INS [8, 9]. These researchers found that the presence of
microscopic hematuria and/or remission after day 9 of the
initial prednisone treatment were predictive factors for
steroid dependency.

Steroid dependency is a frequent risk for children with
INS. Discontinued steroid usage may decrease the risks for
steroid toxicity, but patients with frequently relapsing
nephrotic syndrome may require prednisone doses above
the cut-off level for steroid toxicity.

It is well known that disease activity in INS has a natural
tendency to decrease over time in most cases [10]. Disease
control may, therefore, require a more intensive immuno-
suppression at disease onset. For steroid-dependent
patients, pediatric nephrologists have to make a choice
between a steroid-based treatment with the known adverse
effects and immunosuppressive drugs with a risk of over-
immunosuppression and drug-specific side effects, such as
calcineurin inhibitor-related nephrotoxicity. Predictive fac-
tors for high-degree steroid-dependent forms of INS may
therefore be of interest and provide some therapeutic
guidelines for the attending physician(s).

Our results suggest that high-degree steroid dependency
is very probable if the patient had required MPP to obtain
remission at disease onset. The risk of overestimating
steroid dependency seems to be relatively low, but it has to
be taken into consideration. Such an overestimation of
steroid dependency would lead to unjustified use of oral
CyA. In our study, two of 12 children did not require CyA,
although they required MPP to obtain remission. In most
countries, patients with persistent nephrotic proteinuria after
a course of high-dose oral prednisone are considered to be
steroid-resistant and are mostly treated with oral CyA [11,
12]. However, these treatment protocols are often based on
a 6-week prednisone course at disease onset and/or a
maximum daily dosage of 80 mg. One may hypothesize



Pediatr Nephrol (2008) 23:2221-2226

2225

that some of the patients who were considered to be high-
degree steroid-dependent in our study would probably be
considered as steroid-resistant in several other countries.

The consideration of a patient as steroid-resistant
automatically implies the use of CyA, which is still the
only validated treatment option for steroid-resistant ne-
phrotic syndrome [13]. The treatment strategy in France is
such that as many patients as possible should not to be
started on CyA in an effort to avoid nephrotoxicity.
However, in our study we have shown that the vast
majority of patients (83%) who require MPP ultimately
also require CyA to maintain remission. Therefore, the
question of whether MPP really helps is a justifiable one.

In general, after the use of MPP, patients either obtain
remission within several days or fail to respond completely.
Therefore, the potential benefit of MPP on the short term is
earlier remission for certain patients. On the long term, the
benefit of MPP is to individualize the therapeutic strategy
by defining disease activity as precisely as possible. The
administration of MPP after oral prednisone helps define
two groups of patients who are resistant to 1 month of oral
prednisone: those who respond to MPP and those who do
not. The first group may be considered as intermediate, and
the treatment strategy could be adapted accordingly. Future
studies are necessary to answer the question if such patients
who go into remission after MPP may benefit from a less
aggressive management (e.g. shorter CyA treatment with a
lower dosage and/or early switch to MMF). For the others
(those who do not respond to MPP), a more aggressive
treatment strategy may be necessary. Treatment with MPP
seems to facilitate adaptations and/or individualization of
the therapeutic approach of the attending physicians.

In our cohort, those children who went into remission
after day 20 of the initial prednisone course all required
MPP and became steroid-dependent. At first glance, this
might suggest that the treatment duration of the initial
prednisone course could have been reduced to 20 days.
However, higher cumulative doses in the initial prednisone
course have been shown to be associated with a more
favorable disease course on the short and long term [14]. It
would seem to be beneficial to maintain at least a 1-month
prednisone course at disease onset for all patients.

Those children who required MPP to obtain remission
went through several immunosuppressive treatments during
the disease course, with a stepwise increase of immuno-
suppression. The aim of immunosuppressive drugs was to
taper steroids to a non-toxic level of <15 mg/m® EOD
without disease relapse. In those ten children who required
MPP, there were a total of 60 relapses between achievement
of the first remission after MPP and introduction of CyA.
As each relapse is associated with disease-related throm-
bembolic or infectious risks and an increase of steroid
dosage, earlier adequate immunosuppression with stable

disease control should reduce disease morbidity. Further,
longer periods of high-range proteinuria due to uncon-
trolled INS may be nephrotoxic and result in interstitial
fibrosis. Apart from adequate immunosuppression and
disease control, the use of CyA may have beneficial effects
on disease course: Hoyer et al. have shown recently that an
8-week course of oral CyA at disease onset significantly
reduced the relapse rate in the first 9 months following
disease onset [15].

The risk of unjustified use of CyA for some patients may
cause some hesitation. Recent data revealed an increased
risk for CyA-related nephrotoxicity if treatment duration
exceeds 36 months. These data also suggest that CyA
treatment should be avoided if possible in children younger
than 5 years [16]. As long as the treatment duration of oral
CyA is kept short (<12 months) and the dosage is <5 mg/kg
per day, there is currently no evidence of irreversible renal
damage [17] on control biopsies. Nephrotoxicity from CyA
treatment is less studied in INS than in transplantation, but
it seems to be less severe, especially if treatment duration is
short [18, 19]. However, it is well known that the most
severe cases of steroid-dependent NS frequently occur in
children in the first 5 years of life [20]. Therefore, one has
to carefully analyze the benefit risk ratio of CyA treatment
in such patients. Moreover, CyA nephrotoxicity is at least
partially reversible after a short period of oral CyA
treatment, as its major pathophysiological element seems
to be prolonged vasoconstriction and not necessarily
interstitial fibrosis and arteriolar hyalinosis [21].

The use of MMF instead of CyA in patients who have
required MPP should be mentioned, although since our
patient cohort consisted of patients with a first disease
manifestation from 1999 to 2006, we can report little
experience on the use of MMF in steroid-dependent
patients. More data are currently available about the effects
of MMF in high-degree steroid dependency [22-25] so that
an early switch from CyA to MMF [22, 26, 27] and/or a
switch from MMF to CyA in the case of relapse could be
included in the discussion of future protocols.

In conclusion, patients who require MPP to obtain remission
during first disease manifestation are at risk of requiring CyA
for disease control. These patients are a subgroup of all patients
who show resistance to a 1-month course of oral prednisone.
By identifying these children, we could eventually use
adequate immunosuppressive drugs earlier and reduce morbid-
ity related to steroids and multiple relapses.
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