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Abstract
Background Levamisole is less expensive and has a better toxicity profile compared to other steroid sparing agents used 
in nephrotic syndrome. It has a plasma half-life of 2.0 to 5.6 hours, but is conventionally administered on alternate days. 
We aimed to assess whether daily levamisole is safe and more effective than standard alternate-day therapy in maintaining 
remission in children with frequently relapsing or steroid-dependent nephrotic syndrome (FR/SDNS).
Methods An open-label randomized controlled trial was conducted in children with FR/SDNS. Group A received daily while 
Group B received alternate-day levamisole (2–3 mg/kg/dose) for 12 months. Prednisolone was tapered off by 3 months. 
Patients were monitored for relapses, further steroid requirement, and adverse effects.
Results A total of 190 children with FR/SDNS (94 in Group A and 96 in Group B) were analyzed. Sustained remission for 
12 months was observed in 36% of Group A and 27% of Group B patients (p = 0.18). Numbers completing 12 months in the 
study were 67% in Group A and 56% in Group B (p = 0.13). Time to first relapse, persistent FR/SDNS, and withdrawal due 
to poor compliance were statistically similar in both groups, while relapse rate and cumulative steroid dosage were signifi-
cantly lower in Group A compared to Group B (p = 0.03 and p = 0.02, respectively). The incidence of adverse effects was 
comparable in both groups, with reversible leucopenia and hepatic transaminitis being the commonest.
Conclusions Daily levamisole therapy was not superior to alternate-day therapy in maintaining sustained remission over 
12 months. Nevertheless, relapse rate and cumulative steroid dosage were significantly lower without increased adverse 
effects.
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Introduction

Nephrotic syndrome (NS) is the most common chronic, 
recurring kidney disease occurring in children. While over 
80% patients respond to corticosteroids, more that 50% 
of these have frequent relapses (FR) or become steroid 
dependent (SD) and may develop multiple steroid toxici-
ties [1]. Steroid sparing agents (SSA) used effectively and 
early in FR/SDNS have the potential to prevent excessive 
steroid exposure [1, 2].

Levamisole (LEV) as a steroid sparing agent has been 
used for decades in pediatric steroid-sensitive nephrotic 
syndrome (SSNS). Prior reports show that it is safe and 
effective [3] and can reduce the relative risk of relapse by 
48% [4]. A significant advantage, particularly in develop-
ing countries, is its much lower cost in comparison to other 
SSAs like mycophenolate mofetil (MMF), cyclosporine, 
tacrolimus, and rituximab. In addition, essential monitor-
ing requirements are simpler, require less infrastructure, 
and are also less expensive than for most other SSAs. All 
recent SSNS guidelines include alternate-day LEV as an 
option for use in FR/SDNS [1, 2, 5].

Conventionally, LEV is administered on alternate days; 
however, the basis for this dosing is unclear. Pharmacoki-
netic studies indicate that its plasma half-life is about 2.0 to 
5.6 hours [6, 7]. Several observational studies [8–12] and 
one cross-over study [13] have reported effective use of 
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daily therapy without increase in adverse effects. However, 
randomized controlled trials (RCT) of daily vs. alternate-
day therapy do not exist. The aim of our study therefore 
was to assess whether daily LEV is safe and more effective 
than conventional alternate-day therapy, in maintaining 
remission in FR/SDNS, in an RCT.

Methods

An open-label RCT with 1:1 allocation was conducted 
in children between 1 to 18 years of age with FR/SDNS. 
Included patients were required to be steroid sensitive, 
with normal serum creatinine for age. Patients with sec-
ondary NS, steroid-resistant NS, active infections, or other 
systemic diseases and those receiving SSAs within the last 
1 year were excluded.

Standard criteria were used to define NS, steroid sen-
sitivity, relapse, and remission [1, 2]. Frequent relapses 
were defined as 2 or more relapses in first 6 months after 
onset, or 3 or more relapses in 1 year (not counting the first 
episode), and infrequent relapses as < 3 relapses per year 
[2]. Steroid dependence was defined as 2 or more relapses 
occurring while on steroid therapy or within 14 days of 
discontinuation [1]. The study participants were identi-
fied and followed up in the out-patient department of the 
Institute of Child Health, Kolkata, India.

Sample size calculation A recent RCT dealing with similar 
subjects of NS treated with alternate-day LEV vs. placebo 
was used as the reference to assess the sample size [14, 15]. 
The relapse free rate at the end of 1 year with alternate-day 
LEV in this RCT was 26%. We hypothesized that a further 
increase of 20% (to 46%) in the relapse free rate may be 
possible by our daily dosing intervention. Assuming a supe-
riority margin of 20%, power of the study at 80%, and α of 
0.05, we would need a sample size of 174 evaluable subjects, 
87 randomized to each group. Assuming an attrition rate of 
about 10%, we proposed to enroll a minimum of 96 subjects 
in each arm.

Randomization was by computer-generated sequence 
and allocation concealment by using serially numbered 
opaque envelope method. A block randomization strategy 
was undertaken with a fixed block size of 12. The person 
allocating the serially numbered envelopes was independ-
ent of the physicians responsible for clinical management 
and follow-up.

The primary outcome measure was the number of partici-
pants having sustained remission at 12 months, while sec-
ondary outcome measures were (1) time to first relapse, (2) 
relapse rate per month, (3) cumulative steroid dose required 
per kg body weight per month, and (4) adverse effects.

Levamisole 2–3  mg/kg/day was started on a daily 
(Group A) or alternate day (Group B) basis as per rand-
omization, once the child was in NS remission, and contin-
ued for 12 months. Home urine monitoring, with record-
ing of urine protein and LEV and prednisolone doses, in 
“Nephrotic diaries” was maintained on a daily basis by 
the parents. Prednisolone was weaned off by 3 months. 
Further relapses were treated with prednisolone 2 mg/kg/
day until remission, followed by 1.5 mg/kg/alternate day 
for 4 weeks, 1.0 mg/kg/alternate day for 2 weeks, 0.5 mg/
kg/alternate day for 2 weeks, 0.25 mg/kg/alternate day for 
2 weeks. For patients in Group B, LEV was administered 
on days alternating with prednisolone while they were on 
steroids.

Monthly review of clinical status, complete blood 
count, and liver function tests were performed for 
12  months. During the COVID-19 lockdown period, 
monitoring was performed by phone and video calls, in 
association with local laboratories and pediatricians, and 
data crosschecked from diaries at the next physical visit. 
Any adverse effects were recorded, and participants were 
requested to report/attend in case of any rash, infectious 
symptoms, joint pain, NS relapse, or any other unex-
pected event.

Early withdrawal from study was planned if there 
was persistent FR/SDNS despite LEV therapy or signifi-
cant adverse effects, including severe infection requiring 
admission, leucopenia/ neutropenia, or hepatic transami-
nitis persisting for ≥ 2 weeks. Leucopenia was defined as 
total leukocyte count < 4000/ml, neutropenia as absolute 
neutrophil count < 1500/ml, and hepatic transaminitis as 
alanine transferase (ALT) level more than 3 times normal 
laboratory range. Levamisole intervention was considered 
to have failed in patients who required early withdrawal due 
to the above reasons. On the other hand, LEV intervention 
was considered successful if there were no or infrequent 
relapses, and these patients were continued in the study for 
12 months.

Statistical analysis

Categorical data were summarized using frequencies and 
percentages while continuous data were summarized using 
median and interquartile ranges (IQR), since the majority of 
the data had non-normal distribution pattern. Chi-squared 
test was used to compare proportions, while Mann–Whitney 
U test was used for intergroup comparison of non-parametric 
variables. Log rank test was used for comparing the time to 
event occurrence between the groups, and the Kaplan–Meier 
plot was used to plot the trends in the time to event analy-
sis. Statistical significance was considered at p < 0.05. IBM 
SPSS version 17 software was used for statistical analysis.
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Ethics

Informed consent/assent was obtained from all guardians/
participants and the Declaration of Helsinki was adhered 
to. Approval was obtained from the institutional review 
board of the Institute of Child Health, Kolkata, and the 
study was registered in the Clinical Trials Registry of India 
(CTRI/2015/10/006257).

Results

Between May 2017 to Feb 2020 and Jan 2021 to April 2022, 
a total of 216 FR/SDNS patients were approached for trial 
entry (recruitment stopped between March 2020 and Decem-
ber 2020 due to COVID-19 pandemic issues). Of these, 196 
consented to participate and started on LEV after randomi-
zation (98 in each group).

Four patients (2 in Group A and 2 in Group B) were sub-
sequently excluded for follow-up of less than 2 months post 
randomization. Two further patients from Group A were 
excluded as they were changed to alternate-day therapy 
within the first 2 months by their local doctors, and ster-
oids were not tapered. Thus, a total of 190 patients who 
had therapy as per study protocol were analyzed for out-
come measures up to study completion or study withdrawal 
(Fig. 1).

The median age at NS onset was 2.67 (IQR 2 to 4) years, 
median age at study entry was 4.54 (3.2 to 6.1) years, and 
62% of the subjects were male. In Group A, 2 patients had 
previously received MMF, and one had received cyclophos-
phamide, while in Group B, 2 patients previously received 
cyclophosphamide, all more than 1 year prior to study entry. 
For all other patients, LEV was the first SSA prescribed. 
Baseline characteristics at study entry were similar in both 
groups (Table 1).

Levamisole was given orally at median dose of 2.52 (2.49 
to 2.82) mg/kg daily in Group A and 2.68 (2.41 to 3.01) mg/
kg every alternate day in Group B.

Comparison of efficacy

The total number of patients completing 12 months on LEV, 
with no or infrequent relapses, was 117 (62%). This included 
63 (67%) of Group A and 54 (56%) of Group B (p = 0.13) 
(Fig. 1). Of these patients, at the end of 1 year of study par-
ticipation, 60 (32%) children were in sustained remission, 
34 (36%) of Group A and 26 (27%) of Group B (p = 0.18) 
(Supplementary Table 1).

Eighteen (19%) patients in Group A and 27 (28%) 
patients in Group B were withdrawn from the study due to 
persistent FR/SDNS (p = 0.19). In addition, 8 (8%) patients 
in Group A and 10 (10%) in group B were withdrawn due to 

poor compliance/follow-up (p = 0.65) (Fig. 1). The median 
time to first relapse computed using Kaplan–Meier and log 
rank test was 8 (95% CI, 4.29 to 11.72) months in Group A 
and 5 (95% CI, 3.11 to 6.9) months in Group B (p = 0.162) 
(Fig. 2).

The NS relapse rate was 0.08 (0 to 0.17) per month 
in Group A vs. 0.08 (0 to 0.32) per month in Group B 
(p = 0.03). The cumulative steroid dosage was 6.7 (3.03 to 
12.86) mg/kg/month in Group A vs. 9.3 (3.96 to 19.87) mg/
kg/month in Group B (p = 0.02). Both the latter were signifi-
cantly lower in Group A compared to Group B (Figs. 3 and 
4 and Supplementary Table 1).

Exploration of efficacy in sub‑groups

Assessment of factors that may predict LEV response 
revealed that children with sustained remission on LEV 
were older, with lower number of relapses and less ster-
oid requirement prior to study inclusion. Overall, 50/130 
(38%) children with FRNS vs. 10/60 (17%) children with 
SDNS at baseline were in sustained remission at 12 months 
(p = 0.003) (Supplementary Table 2). In patients with prior 
FRNS, 26/67 (39%) in Group A vs. 24/63 (38%) in Group 
B had sustained remission (p = 0.94), while in patients 
with prior SDNS, 8/27 (30%) in Group A vs. 2/33 (6%) in 
Group B had sustained remission (p = 0.015) (Supplemen-
tary Table 3).

Comparison of safety

The majority of patients tolerated LEV without any 
adverse effects. Four patients (3 in Group A and 1 in 
Group B) had neutropenia, which reversed within 2 weeks 
of stopping LEV in 2 and within 4 weeks in 2 patients. 
Levamisole was restarted in the first 2 patients where the 
neutropenia was mild, associated with upper respiratory 
tract infection symptoms, and there was no recurrence of 
neutropenia subsequently.

Gradual reduction of hemoglobin from 13.2 g/dl to 
9.6 g/dl occurred over 4 months in one girl on daily LEV, 
RBC indices and morphology were normal, and investiga-
tions did not reveal any specific cause; stoppage of LEV 
resulted in normalization of hemoglobin level.

Hepatic transaminitis was seen in 2 patients in Group 
A and 3 in Group B. A maximum ALT level of 620 IU/L 
within 1 month of study entry occurred in one patient 
in Group B; searches for other etiological factors were 
negative. In all patients, the ALT level reverted to normal 
within 4 weeks of stopping LEV.

One child in Group A had Varicella infection; LEV was 
stopped for 3 weeks and then restarted, and she completed 
1 year of study participation with no further relapses. One 
child in Group A developed a rash with fever and a clinical 
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diagnosis of Stevens-Johnson syndrome was made; he 
recovered with supportive treatment and was withdrawn 
from the study. Another patient in Group B developed a 
rash, tested positive for ANA, and was withdrawn from 
study. Both the latter 2 patients were negative for ANCA 
tests (Supplementary Table 4).

Discussion

Levamisole is an accepted therapy in FR/SDNS, for its 
steroid sparing effects. Based on prior evidence, guidelines 
suggest its alternate-day dosing, despite a relatively short 
plasma elimination half-life [1, 2, 5]. Our RCT compared 

Fig. 1  Consort diagram show-
ing patient follow-up and 
withdrawals

Randomized and Started Levamisole
n=196

Group B (Alternate-day dose)
n=98

Excluded:
Follow-up <2 months: 2
Changed to alternate-day dose: 2

Excluded:
Follow-up <2 months: 2

3 months

Analyzed
n=190

Group A (Daily dose)
n=98

Withdrawals:
Persistent FR/SD: 5
AE: 4

Withdrawals:
Persistent FR/SD: 3
AE: 2

85 91

6 months

Withdrawals:
Persistent FR/SD: 4
AE: 1
Lost/poor compliance: 5

Withdrawals
Persistent FR/SD; 10
AE: 1
Lost/poor compliance: 7

75 73

12 months

Withdrawals:
Persistent FR/SD; 9
Lost/poor compliance: 3

Withdrawals
Persistent FR/SD; 14
AE: 2
Lost/poor compliance: 3

63 54

94 96

FR/SD: frequent relapses or steroid dependence, AE: adverse effects
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LEV administered on a daily basis to a conventional alter-
nate-day regimen, in a real-world situation. The results 
show that the number of NS patients who had sustained 
remission in the 12 months of study participation was sta-
tistically similar in both groups. Time to first relapse and 

incidence of adverse effects were also similar; however, 
the relapse rate as well as the cumulative steroid dosage 
was significantly reduced in patients who received daily 
LEV.

Table 1  Baseline characteristics of study population

Group A: daily levamisole, Group B: alternate-day levamisole
a Assessment made for the last 12 months when onset was > 1 year previous to study entry and for the number of months after treatment of first 
episode in those with NS onset < 1 year
b Steroid dose prior to last relapse in steroid-dependent patients

Group A (n = 94) Group B (n = 96)

Sex: male 54 (57%) 64 (67%)
Age at onset of nephrotic syndrome (years)
Median (IQR)

2.7 (2.05 to 3.75) 2.59 (2.0 to 3.98)

Age at trial entry (years)
Median (IQR)

4.75 (3.33 to 6.0) 4.05 (3.1 to 6.55)

Type of nephrotic  syndromea Steroid dependent 27 (29%) 33 (34%)
Frequent relapses 67 (71%) 63 (66%)

No. of relapses per  montha

Median (IQR)
0.38 (0.25 to 0.5) 0.4 (0.25 to 0.67)

Cumulative dose of prednisolone (mg/kg/month)a

Median (IQR)
16.83 (11.64 to 21.18) 15.83 (12.31 to 24.74)

Prednisolone dose before last relapse (mg/kg)b

Median (IQR)
0.24 (0 to 1.2) 0.55 (0 to 1.33)

Fig. 2  Kaplan–Meier plot for 
time to first relapse on levami-
sole

A: daily levamisole
B: alternate day levamisole
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Levamisole, a synthetic imidazole derivative, has been 
used as an anthelminthic, reportedly since 1969. While 
its definitive mechanism of action in SSNS is unknown, 
it has been shown to have immunomodulatory effects by 
altering Th1 and Th2 immune responses. Effects on B cell 

activity and direct effects on the podocytes have also been 
demonstrated [16, 17].

The first RCT showing benefit of LEV in SDNS was 
published by the British Association for Pediatric Neph-
rology in 1991 [18]. The Cochrane meta-analysis, updated 

Fig. 3  NS relapse rate on 
levamisole

A: daily levamisole
B: alternate day levamisole

Fig. 4  Cumulative prednisolone 
dose on levamisole

A: daily levamisole
B: alternate day levamisole
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in 2020, analyzed a total of 8 RCTS and concluded that 
LEV “compared with steroids or placebo may reduce the 
number of children with relapse during treatment (RR 
0.52, 95% CI 0.33 to 0.82) (low certainty evidence)” [4]. 
The RCT published by Gruppen et al. in 2018 was a well 
powered study with minimal bias, comparing alternate-
day LEV therapy to placebo. This demonstrated that time 
to relapse was significantly increased in the LEV group 
(hazard ratio 0.22 [95% confidence interval 0.11–0.43]), 
while 6% of placebo patients vs. 26% LEV patients 
had sustained remission at 12 months [14, 15]. The lat-
ter results are similar to our control patient group who 
received alternate-day therapy and had sustained remis-
sion in 27%.

The reason for conventional intermittent therapy of 
LEV in NS (given twice weekly in some early publica-
tions and subsequently every alternate day) is unclear. 
Pharmacokinetic studies in adults (healthy or suffering 
from cancer or malaria) indicate that peak plasma concen-
trations are reached within 2 hours of receiving a single 
oral dose of 150 mg or 2.5 mg/kg, and the elimination 
half-life of LEV ranges from 4 to 5.6 hours. In contrast, 
a recent study in a pediatric NS population indicated that 
median peak plasma concentration of LEV occurred at 
1.65 (IQR 1.32–2.0) hours while median plasma elimina-
tion half-life was 2.6 (IQR 2.06–3.65) hours [6]. Although 
it is acknowledged that biological half-life may be longer 
than these reported plasma elimination half-lives, prob-
ably due to effect of LEV metabolites, this is yet untested. 
Thus, it was logical to assess clinically whether daily 
LEV therapy may yield additional benefits in FR/SDNS.

Several observational studies in FR/SDNS have reported 
that daily LEV therapy is safe [8, 10], with some [9, 12] 
suggesting that daily therapy may reduce relapse rate and 
steroid dosage in patients where alternate-day therapy has 
not been effective. Further, a cross-over study in patients 
who were relapsing on alternate-day LEV reported reduc-
tion in relapses with daily LEV plus alternate-day steroids 
[13]. One small RCT found daily LEV to be non-inferior 
to MMF in reducing relapses [19]. However, a head-to-
head RCT comparing daily with alternate-day LEV in FR/
SDNS has not been conducted before. Our RCT failed to 
show superiority of daily LEV in maintaining sustained 
remission in FR/SDNS patients. Although daily dosing 
may improve compliance, alternate-day dosing reduces 
cost by half which is a definite advantage. Therefore, we 
would suggest that patients continue to be treated initially 
with alternate-day dosage as per current guidelines. How-
ever, since relapse rate and cumulative steroid doses were 
reduced on daily LEV therapy in our study, this schedule 
may be considered in patients who relapse on alternate-day 
therapy, prior to switching to other SSAs. This could be a 

valuable option in developing countries as other SSAs are 
associated with significantly increased cost factors.

Our exploration into effect in subgroups showed that, 
overall, LEV was more effective in maintaining sustained 
remission in FRNS compared to SDNS. This effect has 
also been noted in previous studies [8, 15]. In addition, our 
results suggest that daily LEV may be more effective than 
alternate-day LEV in SDNS; trials with larger numbers of 
SDNS patients are required to confirm this effect.

In agreement with previous studies, the common-
est adverse effects in our patients were neutropenia and 
hepatic transaminitis [1–3]. White blood count and liver 
function tests returned to normal ranges within a few 
weeks of cessation of LEV. One patient developed rash 
with ANA positivity, and another was admitted with prob-
able Stevens-Johnson syndrome. ANCA tests in both these 
participants were negative. Although no other patient 
in the study had clinical features suggestive of ANCA-
related vasculitis, in cognizance with recent guidelines 
[1, 2], 20 of the last patients to complete the trial had 
ANCA tests at 12 months. Of these, pANCA was positive 
in 1 patient on daily and 1 patient on alternate-day LEV 
and in both became negative on re-testing after 3 months. 
These patients are included in a separate report on ANCA 
results in patients on long-term LEV [20]. A couple of 
recent articles have reported a rise in creatinine on LEV 
[21, 22], but with cystatin C levels remaining normal [22]. 
Our protocol did not include monitoring for kidney func-
tion other than to confirm normal baseline levels for age 
at study entry, or if clinically indicated thereafter, and no 
clinical issues with significant rise in serum creatinine 
occurred.

Limitations This is a single-center study with an open-
label design; therefore, bias cannot be completely elimi-
nated; however, blinding was not possible for us due to 
logistic reasons. In addition, the limitations encountered 
in the COVID pandemic caused a break in recruitment for 
10 months and hampered physical follow-up and moni-
toring, maximally during the lockdown period of March 
to May 2020. During those months, monitoring shifted 
to online phone calls and videos; tests were done locally 
and sent to us by WhatsApp and email and medications 
adjusted if needed in coordination with local pediatri-
cians; patients were asked to attend physically only if in 
dire need. However, at the earliest opportunity, patient 
diaries for ascertaining relapses/remission and drug doses 
were physically reviewed and data confirmed. Our sam-
ple size calculation allowed for an attrition rate of 10%, 
with a final 87 patients in each arm, and we were able to 
achieve numbers close to this projection (86 in each arm 
after attritions), despite the COVID pandemic (Fig. 1).
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Conclusions

Our RCT results indicate that in FR/SDNS patients treated 
with LEV, 36% of patients on daily therapy vs. 27% of 
patients on alternate-day therapy had sustained remission 
at 12 months (the primary outcome measure); however, this 
difference was not statistically significant. In contrast, sec-
ondary outcome measures such as monthly relapse rate and 
cumulative steroid dosage were significantly reduced in the 
daily LEV group, without increase in adverse effects. Thus, 
daily LEV therapy may be considered in patients who have 
persistent FR/SDNS despite treatment with alternate-day 
LEV, prior to changing to other SSAs. Further evidence is 
required to assess if daily LEV may be more effective than 
alternate-day therapy in SDNS patients specifically.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00467- 024- 06402-9.
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