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Abstract
Background Levamisole is frequently used as a steroid-sparing agent in children with steroid-sensitive nephrotic syndrome. 
Side effects, such as neutropenia, gastro-intestinal upset and skin rash, have been reported. We noted an increase in creatinine 
in some of our patients, but literature on the effect of levamisole on kidney function is lacking.
Methods A retrospective cohort study was conducted, including patients 1–18 years of age, treated for steroid-sensitive 
nephrotic syndrome with levamisole at Great Ormond Street Hospital for Children between January 2010 and January 2020. 
Data was collected on clinical observations and serum creatinine values before, during and after treatment. eGFR was cal-
culated using the Schwartz equation.
Results In total, 75 children were included in the analysis. The median duration of treatment was 19 (IQR 12–27) months. The 
median estimated GFR was 134 (IQR 119–160), 101 (IQR 91–113) and 116 (IQR 106–153) ml/min/1.73  m2, respectively, 
before, during and after treatment with levamisole. The difference between eGFR before and after treatment compared with 
during treatment was statically significant (P < 0.0001). During the treatment period, the eGFR decrease was not progres-
sive. The median levamisole dose was 2.5 (IQR 2.3–2.6) mg/kg on alternate days, and the dose was not correlated with the 
decrease in eGFR (r = 0.07, 95% CI − 0.22 to 0.35).
Conclusion Levamisole significantly decreases eGFR. However, this decrease is not progressive or irreversible and would 
not be an indication to discontinue the treatment.
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Introduction

Levamisole is an immune-modulating imidazothiol-derived 
anthelminthic drug which is frequently used as a steroid-
sparing agent in children with steroid-sensitive nephrotic 
syndrome. Previous research focused on its efficacy to 
reduce the number of relapses but also reported on its side 
effects. The most frequently described side effects are leuco-
penia/neutropenia (3.7%), gastro-intestinal upset (2.4%) and 
skin rash (1.5%). These symptoms are normally reversible 
upon discontinuing treatment [1]. Interestingly, to date, no 

study has been conducted reviewing the effect of levamisole 
on kidney function.

In our clinical population, we have, in a small number 
of children, seen a rise in serum creatinine after they were 
started on levamisole. The values normalised when we 
stopped the drug. There are no studies on the effect of lev-
amisole on serum creatinine and estimated GFR (eGFR). 
Therefore, we conducted a retrospective cohort study 
reviewing the serum creatinine values in patients with ster-
oid-sensitive nephrotic syndrome treated with levamisole 
at our hospital to review the magnitude and reversibility of 
this observation.

Materials and methods

A retrospective cohort study was conducted, reviewing 
all patients 1–18 years of age, treated for steroid-sensitive 
nephrotic syndrome with levamisole at Great Ormond Street 
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Hospital for Children (GOSH) between January 2010 and 
January 2020. Data were collected on creatinine values 
before, during and after treatment and haematology results 
in children treated with levamisole. When this data was una-
vailable at GOSH, data from the shared care hospital was 
retrieved. Patients were excluded if no creatinine value was 
available during the time of treatment.

The height of the children was used to calculate estimated 
GFR (eGFR) by using the Schwartz equation with the con-
stant of 36.5. The dates of commencing and discontinuing 
levamisole were noted and so was the reason for stopping 
the drug; either no longer needed after 2 years of successful 
relapse control, due to side effect or because of insufficient 
relapse control and need to escalate the treatment to another 
steroid-sparing agent.

Statistical analysis was performed in GraphPad Prism V.9. 
Descriptive statistics were performed to analyse median and 
interquartile range, and the Wilcoxon matched-pairs signed 
rank test was used to analyse the difference in eGFR before, 
during and after levamisole treatment. P-values < 0.05 were 
considered significant.

Results

A total of 127 children were treated with levamisole in our 
centre between January 2010 and January 2020. In 52 chil-
dren, there were no laboratory data available during their 
time on levamisole treatment, and they were excluded. In 
total, 75 children were included for analysis. Laboratory data 
before starting and after discontinuing levamisole treatment 
was available in 55 and 39 children, respectively. In 29 cases, 
data were available on all three time points. Sixteen children 
were still on levamisole at the time of analysis. In 8 children, 
5 before starting levamisole and 3 after discontinuing, no 
recent height was available to correlate with the creatinine, 
and therefore eGFR could not be calculated. The median 
age at start of levamisole treatment was 5 (IQR 4–7) years. 
There were more boys included (57 male vs. 18 female). The 
median duration of treatment was 19 (IQR 12–27) months 
with a median levamisole dose of 2.5 (IQR 2.3–2.6) mg/
kg on alternate days. Creatinine values after treatment were 
obtained a median 4 (IQR 1–15) months after discontinu-
ing levamisole. In 25 children, the treatment had been esca-
lated to another steroid-sparing agent, such as tacrolimus, 
mycophenolate mofetil or cyclophosphamide, due to ongo-
ing relapses. The levamisole dose was the same in children 
who responded to the treatment and those requiring escala-
tion of treatment. None of the patients was taking an ACE 
inhibitor or on nephrotoxic medication, such as calcineurin 
inhibitor, while on levamisole.

The median serum creatinine before starting levami-
sole was 30 (IQR 24–36, n = 55) µmol/l. It increased to 

a median serum creatinine of 43.5 (IQR 35–50, n = 75) 
µmol/l (P-value < 0.0001) while on levamisole, and after 
discontinuing the drug, the serum creatinine was 40 (IQR 
33–47.5, n = 39) µmol/l. Both the initial increase and the 
difference between creatinine while on treatment compared 
to after treatment was statistically significant with P-values 
of < 0.0001 and 0.0037, respectively.

The median eGFR before starting levamisole treatment 
was 134 (IQR 119–160, n = 50) ml/min/1.73  m2. On lev-
amisole, this decreased to 101 (IQR 91–113, n = 75) ml/
min/1.73  m2 and the eGFR increased after discontinuing 
levamisole to 116 (IQR 105–153, n = 36) ml/min/1.73  m2 
(Fig. 1). The eGFR during levamisole treatment was sig-
nificantly reduced compared to before and after treatment 
with P-values of < 0.0001. The difference between eGFR 
before and after levamisole did not reach statistical signifi-
cance (P = 0.4047). The eGFR dropped shortly after starting 
treatment, it was not progressive, and there was no correla-
tion between the reduction in eGFR and levamisole dose 
(r = 0.07, 95% CI − 0.22 to 0.35).

Fig. 1  Estimated GFR (in ml/min/1.73   m2) before, during and after 
treatment with Levamisole. Black line indicates the median. **** 
P-value < 0.0001
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In 16 children, the eGFR during treatment dropped 
below 90 ml/min/1.73  m2. In these cases, the median eGFR 
before starting levamisole was 119 (IQR 116–141, n = 9), 
decreasing to 84 (IQR 80–86, n = 16) while on levamisole, 
and 106 (IQR 97–108, n = 7) ml/min/1.73  m2 after discon-
tinuing the drug. One child had a reduced eGFR prior to 
starting treatment and normalised after levamisole was dis-
continued. The drop in eGFR in children with eGFR below 
90 ml/min/1.73  m2 was 37 (IQR 28–54) as compared to 29 
(IQR 14–55) in those whose eGFR remained above 90 ml/
min/1.72m2.

In 8 patients, the levamisole was discontinued because 
of the development of side effects. Two children developed 
neutropenia (neutrophil count < 0.5 10^9/l) and three anae-
mia (Hb < 110 g/l), but only one of these children required 
discontinuing treatment. One child developed a rash and one 
an oral ulcer with neutropenia, both of whom improved after 
stopping the treatment. In 5 patients, the decrease in eGFR 
below 90 ml/min/1.73  m2 was the reason to stop levamisole 
treatment.

Discussion

To our knowledge, this is the first study reporting on the 
effect of levamisole on kidney function in children with 
nephrotic syndrome while on treatment. Although there have 
been several studies reporting on side effects of levamisole, 
such as anaemia, neutropenia and skin rash, the literature 
on its effect on kidney function and creatinine clearance is 
scarce. There is one patient in the study by Gruppen et al. 
who developed an unexplained reduction in creatinine clear-
ance which resolved after discontinuing levamisole [2]. 
Abeyagunawardena et al. reported no difference in serum 
creatinine between children on alternate day and daily dose 
of levamisole [3].

It can be assumed that the rise in observed creatinine is 
due to some impairment of kidney function; however, other 
possibilities need to be considered. There are at least three 
such possibilities that need to be explored: reduced hyper-
filtration from successful treatment, an interference with 
the quantification method and inhibition of tubular excre-
tion of creatinine and/or increased tubular reabsorption of 
creatinine.

Children who are in relapse of nephrotic syndrome gen-
erally show glomerular hyperfiltration [4], often seen as 
a creatinine value that is below the normal range for that 
child with a GFR that is higher than normal [5]. Branten 
et al. showed that, in hypoalbuminemia, the creatinine 
clearance is increased by the increased tubular excretion 
and/or reduced tubular reabsorption of creatinine [4]. The 
children in our cohort at the start of levamisole were in 
remission, although there was no data available on the 

time between remission and the serum creatinine value. 
Therefore, it can be argued that although the children were 
in remission when starting levamisole, the creatinine had 
not yet reached a steady state. Although this could con-
tribute to the difference between eGFR before and during 
treatment with levamisole, it does not explain the normal-
ising eGFR after discontinuing the drug.

To date, there is no literature reporting on the interfer-
ence of levamisole with either the enzymatic creatinine 
quantification method or Jaffe method, nor do the manu-
facturers report this interference. Most of the creatinine 
values in our cohort were obtained by using the enzymatic 
method. When reviewing our cohort, there were 2 chil-
dren for which the laboratory at the local hospital used 
the Jaffe method. These children, though small in number, 
show the same trend in creatinine rise as compared to the 
enzymatic method. Research will be required to exclude 
interference from either levamisole or its metabolites with 
more certainty.

Tubular excretion of creatinine in healthy individuals 
contributes to 10–40% of the total excretion [6, 7]. Several 
drugs, such as trimethoprim, cimetidine and antiretroviral 
drugs, have been found to increase serum creatinine by 
inhibiting the enzymes involved in the tubular excretion of 
creatinine, such as OCT2, OAT2 and MATE1 [6]. There is 
no direct evidence that levamisole inhibits any one of these 
transporters in the kidney. However, Martel et al. showed an 
inhibitory effect of levamisole on the organic cation trans-
porter rOCT1 in the liver [8]. Plante et al. found that the 
tubular excretion of thiamine by the organic cation transport 
system was reduced by levamisole [9]. Moreover, they found 
that glomerular inulin clearance was not affected by lev-
amisole, indicating that glomerular excretion is not affected 
by levamisole. The creatinine changes that we found in our 
cohort, which were 28% increase upon starting treatment and 
20% decrease after discontinuing, could be consistent with 
inhibition of tubular excretion of creatinine.

Regarding the possibility of nephrotoxicity of levamisole, 
our data show that, after starting the drug, the decrease in 
eGFR is not progressive over the treatment period (data not 
shown) and there is no correlation found between the treat-
ment duration or dose and the decrease in eGFR. The latter 
is in keeping with results by Abeyagunawardena et al. who 
found no difference in serum creatinine between alternate 
day and daily dosing of levamisole. In our cohort, eGFR 
improves after discontinuing levamisole, which is consist-
ent with previous research by Sümegi et al., who reported 
no difference in eGFR before and after levamisole treatment 
[10]. However, there is no direct evidence, such as urine 
biomarkers or histology, to prove or rule out nephrotoxicity 
caused by levamisole. Based on the available data, we would 
argue that a drop in eGFR secondary to levamisole would 
not necessitate discontinuing treatment, especially since the 
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alternative treatments of tacrolimus or cyclophosphamide 
are proven nephrotoxic.

In conclusion, we found that levamisole significantly 
increases serum creatinine. Although this increase is not pro-
gressive or irreversible, the exact mechanism is unknown. 
There is circumstantial evidence in the literature suggesting 
that levamisole inhibits the tubular excretion of creatinine, 
but further research would be required to gain insight into 
the underlying mechanisms involved.
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