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Abstract Children with steroid-dependent minimal
change nephrotic syndrome are prone to serious steroid
side effects. Alternative therapies, such as oral cyclo-
phosphamide, may also have serious side effects. We
conducted this novel prospective study to compare the
long-term efficacies of levamisole and I.V. pulse cyclo-
phosphamide as therapies with potentially fewer side ef-
fects. This study included 40 children with idiopathic
steroid-dependent minimal change nephrotic syndrome
(age 3–15 years; 31 boys and 9 girls). The patients were
randomized into two equal groups. One group received
levamisole 2.5 mg/kg on alternate days (levamisole
group) while the other group received I.V. cyclophos-
phamide 500 mg/m2/month for six months (cyclophos-
phamide group). Prednisolone was gradually withdrawn.
After stopping treatment, the number of patients that
maintained remission was five (25%) in each group at six
months, four (20%) versus two (10%) at one year and
three (15%) versus one (5%) at two years in the levami-
sole and cyclophosphamide groups respectively, and one
(5%) in each group at three and four years. The overall
side effects were mild and both drugs were well tolerated.
In view of the results, we recommend trial of levamisole
before adopting other therapies with more serious side
effects in such patients.
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Introduction

Minimal change nephrotic syndrome (MCNS) accounts
for 80% of idiopathic nephrotic syndrome in children.
Although 93% of patients will be steroid-responsive, only
38% of the primary responders will be non-relapsers,
while the remaining will display a relapsing course and
commonly acquire steroid dependency. Steroid-dependent
patients are prone to serious steroid side effects, such as
growth retardation, peptic ulceration, cataracts, osteopo-
rosis, aseptic necrosis of the femoral head, acne, moon
facies and psychiatric disturbances. Thus, the physician
may attempt adjunctive therapy in such patients [1, 2].
Oral cyclophosphamide is usually recommended in this
situation. However, long-term side effects like gonadal
toxicity become an important issue [3]. I.V. cyclophos-
phamide pulse administration may lead to a reduction in
total dose compared to daily oral treatment. Therapy with
I.V. cyclophosphamide pulses is therefore an emerging
therapeutic option in an attempt to maintain remission
with less frequent side effects [4]. On the other hand, the
long-term immunosuppression in such patients and the
cumulative risk of further alkylating therapy are worrying
in a condition that ultimately has an excellent prognosis.
Thus, alternative therapy with the immunostimulant agent
levamisole would be another attractive option, especially
in MCNS, which is a condition characterized by altered
cellular immunity [5].

Only one study has retrospectively compared levami-
sole with oral cyclophosphamide in frequently relapsing
steroid-dependent nephrotic syndrome, and it concluded
that levamisole may be considered an alternative for oral
cyclophosphamide as a second-line agent after corticos-
teroids in such patients [6]. However, to our knowledge,
no studies have compared the efficacy and safety of le-
vamisole with that of I.V. cyclophosphamide pulse ther-
apy as two therapeutic options with potentially fewer side
effects in steroid-dependent MCNS children. Therefore,
we conducted this prospective random study to accom-
plish this goal.
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Methods

Subjects

This prospective study included 40 children with idiopathic neph-
rotic syndrome selected from patients attending the outpatient
clinic or admitted to the nephrology department of our center in the
period between May and December 1998. Their ages ranged from 3
to 15 years and they comprised 31 boys and 9 girls. The initial
corticosteroid protocol for all of them at the start of the disease was
the ISKDC protocol (short attack treatment). All of them had a
steroid-dependent pattern of response, defined as occurrence of
complete remission on steroids but relapse while withdrawing or
within two weeks after discontinuing steroid treatment [7]. Also, all
of them had biopsy-proven minimal change lesions. Renal biopsies
were performed before the start of the study. During this period, our
protocol was to biopsy children with steroid-dependent nephrotic
syndrome for whom adjunctive therapy will be added. Neverthe-
less, kidney biopsies were performed for all patients only after
steroid dependency was established. All patients received more
than one steroid course. None of our children had received any type
of adjunctive therapy for their nephrotic status before the study. All
patients had normal creatinine clearance corrected to surface area
[8], normal liver function tests and normal complete blood count at
the start of the study. Parental consent was obtained before the
study, and the scientific and ethics committee of the hospital ap-
proved the study.

Study design

A prospective and randomized study was adopted. The patients
were randomized into two equal groups each containing 20 pa-
tients. One group was allocated to receive oral levamisole (le-
vamisole group) while the other group was allocated to receive I.V.
cyclophosphamide (cyclophosphamide group).

All patients were in relapse at the start of the study. This relapse
qualified them for recruitment to the study and was treated by
increasing the prednisolone dose to 2 mg/kg/day until remission
(protein-free urine on three consecutive days) followed by de-
creasing this to 1 mg/kg on alternate days for 14 days. At that point,
either levamisole or IV cyclophosphamide pulse therapy was
started. Levamisole was given for patients in the levamisole group
at a dose of 2.5 mg/kg on alternate days (the same days as the
steroid dose). For patients in the cyclophosphamide group, cyclo-
phosphamide was given in a dose of 500 mg/m2/month. The cal-
culated cyclophosphamide dose was diluted in 100 cc of 5% dex-
trose and given by I.V. infusion over a period of one hour. During
I.V. cyclophosphamide infusion, patient parameters (pulse, blood
pressure and temperature) as well as any symptoms (such as nausea
and vomiting) were monitored. After the infusion was finished,
250–500 cc of 5% dextrose or 0.9% sodium chloride was given
rapidly I.V. and the patient was asked to consume an ample amount
of fluids and void frequently for the rest of the day [9]. After the
addition of either levamisole or cyclophosphamide, steroids were
continued at 1 mg/kg on alternate days for a further 14 days and
then reduced by 0.25 mg/kg every 14 days until complete with-
drawal. Thus, steroids had been discontinued at two months fol-
lowing the start of levamisole or cyclophosphamide. The steroid
protocol used in the study was similar to that used for treatment of
previous relapses prior to inclusion in the study.

Levamisole and cyclophosphamide were continued for 6
months, as long as remission was maintained, but was stopped if
relapse occurred at any time during the treatment period. Relapse
was defined as protein positive urine of +++ for 3 consecutive days
[5]. This result was confirmed by a 24-hour urinary protein >50 mg/
kg [10].

Patients were followed up monthly. At each visit, clinical as-
sessment, urinalysis, 24-hour urinary protein, complete blood
count, serum creatinine, liver function tests and serum cholesterol
were performed for all patients. In addition, parental monitoring
was performed during inter-visit periods based on reappearance of

edema, decreased urine output, or observation of any complica-
tions. In such cases, unscheduled hospital visits were performed.
Parental monitoring was done for some children by performing
urine heat tests for protein.

The response to either levamisole or cyclophosphamide was
evaluated in terms of remission, change in the steroid response
status of the patient, duration of remission, side effects, and com-
pliance with therapy.

Statistical analysis

Continuous data of normal distribution were expressed as
means€SD. An unpaired T-test was then performed to compare
values in both groups. Continuous non-homogeneous values that
showed deviation from the normal distribution were expressed as
medians. A non-parametric statistical method (Mann-Whitney test)
was then performed to compare values in both groups. For discrete
values (frequencies), the cross-tabulation chi-square test was used
to compare values in both groups.

Results

Table 1 shows that both groups were comparable re-
garding baseline characteristics at the start of the study.
Hypertension was present in 40% and 35% of children in
the levamisole and cyclophosphamide groups respectively
and was defined as diastolic blood pressure above the
95th percentile for age, sex and height [11]. Three pa-
tients in the levamisole group were obese, as defined by
body weight above the 95th percentile for age and sex
[12]. Cushingoid facies was noticed in 25% of children in
the levamisole group compared to 30% in the cyclo-
phosphamide group at the start of the study. In both
groups, 65% of the children were at or above the 50th
percentile for height at the start of the study.

The number of patients in both groups who maintained
remission was comparable throughout the study (Fig. 1).
During the 6-month period of adjunctive treatment, 11 of
20 children (55%) in the levamisole group versus 10 out
of 20 children (50%) in the cyclophosphamide group were
able successfully to stop steroids for more than two weeks
(they were no longer steroid-dependent). Throughout the
rest of the study period, the duration of steroid-free re-
mission was comparable in both groups (median/range of
6.83/48.73 months in the levamisole group versus 5.2/
40.57 months in the cyclophosphamide group).

At the end of the 6-month period of adjunctive therapy
(4 months after steroid discontinuation), 10 patients
(50%) and 9 patients (45%) were in remission on le-
vamisole and cyclophosphamide alone respectively.

During long-term follow-up after withdrawal of le-
vamisole or cyclophosphamide therapy, the number of
patients that maintained treatment-free remission was 5
(25%) in each group at 6 months, 4 (20%) versus 2 (10%)
at 1 year, 3 (15%) versus 1 (5%) at 2 years and 1 (5%) in
each group at 3 and 4 years.

Table 2 shows that the side effects that occurred during
levamisole or cyclophosphamide therapy were compara-
ble. The most common side effect was infection, which
occurred in 65% and 60% of patients in the levamisole
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and cyclophosphamide groups respectively. However, all
infections were mild and occurred during the period of
combined corticosteroids and adjunctive therapy. Respi-
ratory tract infections were all in the form of mild acute
bronchitis. Asymptomatic pyuria occurred in two and four
patients of the levamisole and cyclophosphamide groups
respectively, but urine culture was positive in only one
patient in each group. In the levamisole group, this patient
had a history of recurrent urinary tract infection, and ra-
dioisotope study revealed the presence of coincidental
grade one right vesicoureteric reflux. One patient in the
levamisole group had personality changes, in the form of
aggression and nervousness, noticed by parents and
schoolteachers, after the commencement of steroid ther-
apy. Mild alopecia was noticed in 15% of the cyclo-

phosphamide group patients and it rapidly reversed after
discontinuing cyclophosphamide. Hepatotoxicity in the
form of mild and transient elevation of ALT and AST (65/
42 IU/L; N=8–40 IU/L) occurred in only one patient in
the cyclophosphamide group, while mild and transient
leukopenia occurred in another patient (WBCs count was
3.7�103/mL), who was having mild acute bronchitis at the
time. In the levamisole group, none of the patients de-
veloped neutropenia but the leukocyte count was lower at
the end of levamisole treatment than before the start of
treatment. Such a reduction was significant in patients
who were able to successfully stop steroids for more than
two weeks (p=0.007), and non-significant in the remain-
ing patients (p=0.63). Although none of the patients in the
cyclophosphamide group received MESNA, hemorrhagic
cystitis did not occur in any of them.

All patients were compliant with treatment and none of
the patients discontinued therapy before the expected
date. The overall side effects were mild and both drugs
were well tolerated. However, in those patients who de-
veloped infection, hepatotoxicity, or leukopenia, the dose

Table 1 Baseline characteris-
tics of patients at the start of the
study

Levamisole gp
(n=20)

Cyclo gp
(n=20)

P value

Age in years (mean€SD) 7.4€2.89 7.38€2.44 0.98
Sex (female/male) 4/16 5/15 0.5
Duration of steroid treatment in months
(mean€SD)

41.51€28.91 49.8€23.9 0.41

Number of steroid courses (median/range) 2.5/1–25 4.5/1–24 0.34
Maintenance every other day steroid dose
in mg/kg (median/range)

0.31/0–2.4 0.44/0–2.5 0.77

Hypertension 8/12 7/13 0.1
Weight in kilograms (mean€SD) 29.65€11.83 28.15€6 0.62
Height in cm (mean€SD) 123.2€16.24 119.7€11.02 0.44
Height percentile �5 1 4

�10 2 1
�25 2 4
�50 6 9 0.21
�75 5 1
�90 2 0
�95th 2 1

Cushingoid facies 5/15 6/14 0.5
Obesity 3/17 0/20 0.12
24 hour urinary protein (g, median) 1.63 1.75 0.78
24 hour urinary protein (mg/kg, median) 61.67 56.77 0.79
Creatinine clearance
(ml/min/1.73 m2 surface area, mean€SD)

157.52€31.79 153.04€26.59 0.63

Serum cholesterol (mg/dl, mean€SD) 341.45€149.3 393.1€208.14 0.37
Serum albumin (g/dl, mean€SD) 1.74€0.82 1.62€0.79 0.64

Fig. 1 Number of patients in remission throughout the study in
both groups

Table 2 Overall side effects noted during treatment period

Levamisole
gp (n=20)

Cyclo gp
(n=20)

P value

Infections Respiratory 9 (45%) 10(50%) 0.5
Scalp 2 (10%) 1 (5%) 0.5
Urinary tract 1 (5%) 1 (5%) 0.76
Sialadenitis 1 (5%) � 0.5

CNS 1 (5%) � 0.5
Alopecia � 3(15%) 0.12
Hepatotoxicity � 1 (5%) 0.12
Leukopenia � 1 (5%) 0.5
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of cyclophosphamide was delayed for 1–2 weeks until
recovery from these side effects. This occurred twice in 3
patients and once in 7 patients during the course of cy-
clophosphamide pulses.

Discussion

In our center, we have been using pulse cyclophospha-
mide since 1991 in certain cases of idiopathic nephrotic
syndrome when oral cyclophosphamide therapy is indi-
cated but they show non-compliance, are more vulnerable
to side effects such as past history of recurrent infection
episodes, or show both effects. Levamisole is also used in
many of these patients as an alternative to cyclophos-
phamide.

On May 1998, we conducted this randomized pro-
spective trial to study the efficacy and safety of levami-
sole versus pulse cyclophosphamide in steroid-dependent
minimal change nephrotic syndrome children. We previ-
ously reported on the short-term results of levamisole
therapy as well as on the results of cyclophosphamide
pulse therapy [13, 14]. Here, we report on the long-term
comparative outcome of this study. To our knowledge,
this is the first study comparing both treatments in this
group of patients.

At the commencement of the study, 37.5% of our
MCNS children were hypertensive. This incidence is far
above that reported by ISKDC (13%) in 1978 [15]. This
big difference may be due to differences in the definition
of hypertension (ISKDC defines it as diastolic blood
pressure above the 98th percentile). It may also be at-
tributed to steroid therapy in our patients (ISKDC report
is concerned with patients at the time of diagnosis of their
nephrotic syndrome). Sixty-five percent of children were
at or above the 50th percentile of height. This may reflect
our policy of turning to an every other day steroid as soon
as remission has occurred in treatment of relapse.

High failure rate in both groups at six months may be
partially explained by discontinuation of the steroids after
the first two months and maintaining the patients on the
adjunctive therapy only for a further four months. At
short- and long-term levels, both levamisole and pulse
cyclophosphamide were comparable in terms of their
abilities to maintain remission. Fifteen percent of le-
vamisole patients were in remission two years after
completion of all medications, in contrast to only 5% in
the cyclophosphamide group, and the steroid-free remis-
sion had a larger median in the former group. However,
these differences were not statistically significant. Many
other reports have documented good results of levamisole
in nephrotic patients with significant reduction of relapse
rate [16, 17, 18]. In the Ksiazek and Krynski study [16],
45.5% of steroid-dependent nephrotic patients could
withdraw from steroids and maintain remission for more
than six months after levamisole therapy.

In the two studies that compared oral and intravenous
cyclophosphamide in children with steroid-dependent
nephrotic syndrome [4, 19], the percentages of two-year

pulse cyclophosphamide-induced remission were re-
markably different (50% vs. 18.6%). However, their
conclusions were similar and they were in favor of in-
travenous cyclophosphamide as a safe and effective
therapeutic modality with lower cumulative dose in
children with steroid-dependent nephrotic syndrome.
Furthermore, Bircan and Kara [4] concluded that it is the
drug of choice for this group of patients. In their study [4],
the number of patients in remission for two years was
significantly higher in the intravenous- than in the orally-
treated group (50% versus 33.3%). However, the mean
age, a factor that may affect the outcome, was lower in
their intravenous-treated group compared to that in our
study (3.5 vs. 7.38 years). Additionally, the cumulative
steroid dose was significantly higher, as they continued
steroids throughout the period of cyclophosphamide
therapy. Furthermore, the protocol of steroid withdrawal
after discontinuation of cyclophosphamide, the percent-
age of patients that became non-steroid-dependent, the
previous adjunctive therapy and the renal pathology were
not indicated in Bircan and Kara study. In the more recent
study of Prasad et al [19], the actuarial cumulative sus-
tained remission was almost identical in the I.V. cyclo-
phosphamide (18.6%) and oral cyclophosphamide groups
(19%) after two years of therapy. In our study, the two-
year remission rate in the I.V. cyclophosphamide group
was lower than that of the I.V. cyclophosphamide group
in the Prasad et al study [19] (5% vs. 18.6%). It was even
worse than the result from the oral cyclophosphamide
group in the same study (19%), which is the lowest re-
ported result obtained with the oral form in the literature.
However, renal pathology may have an effect on the
variability of the results. In the Prasad et al study [19],
renal biopsy was only performed for 54% of patients;
36% of them had focal segmental glomerulosclerosis,
while all our patients had biopsy-proven MCNS. Addi-
tionally, racial and genetic factors may alter the pattern of
response to therapy so that the widely variable response
rate to oral cyclophosphamide therapy seen in these pa-
tients reported in the literature (19%–75% at 1–3 years
[19, 20, 21, 22, 23, 24, 25, 26, 27]) may be extrapolated to
intravenous form. Furthermore, the conclusion of the
previous two studies [4, 19], that the I.V. form is safe, was
not tested over the long term.

On the other hand, in the only reported study com-
paring oral cyclophosphamide with levamisole in children
with frequently relapsing steroid-dependent nephrotic
syndrome [6], retrospective analysis of the data of 51
patients was performed. Twenty-four patients received
levamisole 2.5 mg/kg on alternate days for at least 6
months, while 27 received oral cyclophosphamide 2–
2.5 mg/kg for 8–12 weeks. Levamisole significantly re-
duced relapse rate, and cumulative steroid dose was sig-
nificantly higher in the levamisole group. Nevertheless,
this difference became statistically insignificant when
analysis of covariance was performed to compensate for
possible bias in patient selection. The authors concluded
that levamisole might be considered an alternative for
cyclophosphamide as a second-line agent with possibly
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less long-term side effects in this group of patients. They
stated that the potential for serious side effects with cy-
clophosphamide was at times great enough for parents to
prefer levamisole therapy. They were concerned about the
cost of levamisole treatment. The cost/kg of one year of
levamisole therapy was $30 versus only $0.50 for a cy-
clophosphamide eight-week course. The authors recom-
mended a prospective study to verify their conclusions. In
our prospective study, similar results were obtained when
comparing levamisole with intravenous cyclophospha-
mide. Additionally, in our developing country, the ethical
issue of using cyclophosphamide in nephrotic children is
much more complicated. The parents are frequently il-
literate and dependent on the treating physician. On dis-
cussing the possible side effects with them, they “autho-
rize” the treating physician to decide the treatment. In
contrast to western countries, the cost of levamisole in our
country is much cheaper. The cost of a levamisole course
for six months is only $0.29 versus $0.59 for a six-month
intravenous cyclophosphamide course.

Abeyagunawardena et al [28] retrospectively analyzed
the treatment modalities of 863 frequently relapsing ste-
roid-dependent nephrotic children over 20 years. Among
their patients, levamisole became the main steroid-sparing
agent after publication of the British Association of
Paediatric Nephrology guidelines for treatment of neph-
rotic syndrome in 1994. Levamisole was prescribed for
113 children, and in 65 of them it was the first prescribed
steroid-sparing agent. Levamisole was effective in main-
taining remission in 30% of patients when prescribed as
the first steroid-sparing agent; almost half of them are
currently off-treatment. Additionally, levamisole main-
tained remission in 66% of post-cyclophosphamide ste-
roid-dependent patients.

In our study, the overall short-term side effects were
mild. Both drugs were well tolerated and none of the
patients discontinued therapy due to side effects, corre-
lating with other reports involving the use of levamisole
and pulse cyclophosphamide in nephrotic syndrome [4,
16, 17, 18, 19]. However, the possible long-term side
effects of cyclophosphamide, including fertility issues and
malignancy, remain to be tested.

In view of the comparable long-term results of le-
vamisole and intravenous cyclophosphamide, our study
indicates that levamisole may be safely tried for six
months in children with steroid-dependent MCNS before
adopting other types of adjunctive therapy that may cause
serious side effects. Longer treatment periods may be
expected to induce longer remission. Therefore, further
studies are necessary to verify the effects of long-term
levamisole therapy. However, the balance between the
possible prolongation of the treatment period and the
frequency of complications (not constant but unpre-
dictable) should be considered. Additionally, a prospec-
tive study comparing levamisole, oral cyclophosphamide
and intravenous cyclophosphamide in this group of pa-
tients may be of value.
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