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Abstract
Introduction
Levamisole (LEV) is an anti-helminthic drug which subsequently has shown
immunomodulatory properties. It has been used successfully in conjunction with low-dose
alternate-day prednisolone in steroid dependant nephrotic syndrome (SDNS). This randomised
controlled study was carried out between years 2002 and 2005 at a single centre in Sri Lanka to
evaluate the efﬁcacy of LEV as a single agent following a prolonged period of combination
therapy of LEV and prednisolone.
Method
Sequential Children with SDNS in stable remission who had been treated with LEV and low dose
alternate-day prednisolone (0.1-0.6mg/kg) for 2 years were recruited and randomised into one of
two groups. The test group received LEV (2.5 mg/kg) on alternate-days for one year and the
control group received no treatment. Urine protein excretion was performed and recorded by
parents on daily basis and the ﬁnding of 3+ or more proteinuria for three consecutive days was
diagnostic of relapse.
Results
There were 42 in the test group (median age 8.4 years) and 34 in the control group (median age
7.2 years). During one year of follow up, 26/34 in the control group and 8/42 in the test group
suffered a relapse. (p< 0.001 comparison of 2 proportions using Standard Error. CI-0.105 to
0.49). No adverse effects of LEV were encountered.
Conclusion
Levamisole is safe, affordable and effective as a single agent in maintaining remission in SDNS.
Keywords – Levamisole, single agent, long-term therapy, steroid-dependent nephrotic
syndrome
incidence of 9-16 per 100,000 among British
Asian children hints at a racial variation in
susceptibility. Even though such ﬁgures are
not available for native Asians, unpublished
data suggest a similar incidence 1.

Introduction
Nephrotic syndrome(NS) is a chronic
distressing disorder with an annual
incidence of 2-4 per 100,000 Caucasian
children in the United Kingdom. A reported
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Children with steroid-sensitive nephrotic
syndrome have a good long-term prognosis.
However around 80% of these patients
experience relapses after 8 weeks of oral
corticosteroid therapy, resulting in further
course of steroids. Half of these children
would have steroid-dependent nephrotic
syndrome (SDNS) while 36-50% of the
children who do not respond to steroid
therapy eventually progress to end-stage
2,3
renal failure in 10 years . Prolonged or
repeated use of corticosteroids often results
in serious side effects, such as hypertension,
growth failure and cushingoid features.
Different immunosuppressive drugs such as
cyclophosphamide, levamisole (LEV) and
cyclosporine have been used in children with
frequently-relapsing NS (FRNS), in order to
minimize side effects of steroid toxicity 4.

Levamisole (LEV) is an anti helminthic drug
with immunomodulatory properties which
has been successfully used at a dosage of
2.5mg/kg/alternate-day in conjunction with
alternate-day prednisolone for FRNS and
SDNS. The major advantage of LEV is its
steroid sparing-effect which comes with
minimal side effects. There is accumulating
evidence to suggest that LEV is an attractive
alternative which could contribute towards a
reduction of maintenance dose of
corticosteroids and a prolonged remission
10,11,12,13,14
period
. Among the different drugs
used as steroid sparing agents in steroidsensitive nephrotic syndrome (SSNS) with
frequent relapses and steroid dependency,
LEV is the least toxic and the least
13,14,15
expensive
.
In the Asian subcontinent LEV has been used
widely for SDNS with variable success rates.
Evidence on the efﬁcacy of LEV is limited to
a few clinical trials that are confounded by
methodological limitations. Statistical
analysis of these trials showed that LEV
reduces the risk of a relapse during
treatment 16,17. From the available
information, it is difﬁcult to derive
conclusions on the steroid-sparing effect, the
long-term efﬁcacy, and safety, as well as
possible differences in efﬁcacy in different
subgroups of SSNS patients.

In the late sixties cyclophosphamide was
reported as an effective agent in maintaining
sustained remission in SDNS5. Nonetheless,
side-effect proﬁle of cyclophosphamide has
been a cause for concern. Bone marrow
suppression with neutropenia, lymphopenia
and thrombocytopenia, alopecia, nausea,
abdominal pain and discomfort and
haemorrhagic cystitis constitute the shortterm side effects of cyclophosphamide while
long-term side effects include increased risk
of future malignancy and potential gonadal
toxicity 6 . In the mid 1980's immunomodulatory drug LEV and calcineurin
inhibitor cyclosporine A were added to the
armamentarium of therapies with variable
success rate and side effects.While the
incidence of reported side effects with LEV
is low, the side effects proﬁle of cyclosporine
is substantial including arterial
hypertension, hypertrichosis, gingival
hyperplasia, hypomagnesaemia,
hyperuricaemia and potential nephrotoxicity
where the histological changes may be
indistinguishable from focal segmental
glomerulosclerosis 7,8,9.

This randomized, controlled study was
designed to evaluate the efﬁcacy and safety
of LEV therapy as a single agent in
maintaining remission in patients with
SDNS.
PATIENTS AND METHODS
Study population
Children with steroid dependent nephrotic
syndrome attending the renal clinic at a
tertiary referral centre in Sri Lanka were
considered for recruitment. Following
inclusion and exclusion criteria were used for
selection of patients.
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the control group and 8/42 (19%) in the test
group suffered a relapse (p < 0.001
comparison of 2 proportions using Standard
Error. CI 0.105 to 0.49) (Figure 1).None of
the patients suffered from LEV induced
adverse effects such as neutropenia,
leukopenia, vasculitic skin rashes and liver
dysfunction.

Inclusion criteria
1. Children who had been treated with
maintenance low dose (0.1-0.6mg/kg)
alternate-day oral prednisolone and
alternate-day LEV (2.5mg/kg) for 2
years.
2. Relapse free during the preceding 6
months
3. Age between 3-14 years
Exclusion criteria
1. Children who have previously received
immunosuppressive therapy other than
prednisolone and LEV
2. Children with renal histology other than
minimal change disease
Method

Figure - Patients in the test and control groups who
relapsed during the one year follow-up

Sequential children who satisﬁed the entry
criteria were randomised in to 2 groups by
using envelope method. All medications had
been stopped in the control group while in
the test group LEV was continued as a single
agent on alternate-day basis (2.5mg/kg) for a
period of one year. All patients were
reviewed monthly focusing on recurrence of
proteinuria and potential side effects of LEV
therapy. Full blood count, serum creatinine
and liver function tests were performed
every 3 months in both groups and parents of
all patients were asked to check and record
the daily urinary protein excretion. Parents
were asked to report immediately if there
was ++ or more proteinuria for 3 consecutive
days. Urinary protein excretion +++ or more
for 3 consecutive days was considered as a
relapse. Prior to the study, informed written
consent was obtained from the parents as
well as the child where appropriate. Ethical
clearance for the study was obtained in 2001.

Discussion
The importance of immune system in the
pathogenesis of childhood NS was ﬁrst
suggested in 1974 16. Subsequent reports have
attributed the observed suppression of
immune responsiveness in the disease to the
dysregulation of T-lymphocyte, thereby
implicating a major role of T-lymphocytes in
17,18
its pathogenesis . Though the exact action
of cytokines on the glomerular epithelium is
not yet elucidated, humoral and cellular
immune mechanisms mediated by cytokines
are thought involve in the generation of NS,
especially in the minimal-change histology.
One of the main observations is the reduced
interleukin-2 (IL-2) production19,20.Some
studies have suggested that minimal change
nephrotic syndrome (MCNS) is a T helper 2dominated (Th2) disease, having observed
higher levels of serum interleukin-13 (IL-13)
in patients with MCNS 2 1 , 2 2 . These
observations represent the scientiﬁc rationale
for the use of immunosuppressive drugs in
childhood NS. Children with frequently
relapsing or steroid dependent disease are the
main candidates for such cytotoxic or other
immunosuppressive treatment, owing to the
signiﬁcant steroid toxicity resulting from
multiple courses of high-dose
corticosteroids.

Results
Between years 2002 to 2005, seventy-six
(76) patients were enrolled for the study.
There were 42 patients in the test group
(median age 8.4 years, range 3.5-14.6 years)
and 34 in the control group (median age 7.2
years, range 2.8 -13.8 years). Sex ratio was
similar in both groups (male: female- 1.6:1).
During one year of follow up, 26/34 (76%) in
15
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Several studies suggested LEV as the ﬁrst
choice of non-steroidal immunosuppressive
agent to achieve less frequent relapses and
longer sustained remission in children with
FRNS or SDNS, in addition to the decrease
of steroid-related side effects23,24. Signiﬁcant
reduction of both relapse rate and cumulative
steroid dose by LEV in SDNS and FRNS
patients was reported in the studies of
Sumegi, Madani and Al-Saran25,10,11. In a later
study by Boyer et al LEV had the additional
beneﬁts of normalized blood pressure in
hypertensive patients and improved height
velocity, even after cessation of LEV
12
therapy . In the retrospective analysis of
Abeyagunawardena et al, LEV effectively
induced remission in 30% of children when
prescribed as the ﬁrst steroid-sparing agent
and 66% for post-cyclophosphamide steroid
26
dependency . However, such an effect was
not sustained for a long period in some other
27,28
studies . In 1997 Bagga et al observed an
8-12 months duration of sustained
30
remission while this period was only 3
months in the study of the British
Association for Paediatric Nephrology back
in 199131.

The options for treatment of patients with
SDNS are limited. Prolonged administration
of large doses of corticosteroids would be
hazardous whereas second course of
cyclophosphamide or long-term use of
cyclosporine carries the risk of toxicity.
Furthermore, cyclosporine and rituximab are
expensive drugs. Therefore, leavamisole
appears to be an effective and cheap
alternative drug with minimum side effects to
treat patients with SDNS, especially in Asian
settings.
In conclusion, this study suggests that LEV is
a safe and effective drug and can be used as a
single agent to induce sustained remission in
children with SDNS and hence remains an
attractive alternative to corticosteroids.
However, further studies are needed to assess
the long-term effects of LEV as a single
therapeutic agent.
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