
phenotype that differs from, e.g., the
“typical” Caucasian patient with type 2
DM. Hence, it is even more interesting
to see that transcriptional changes
associated with progression at early
stages in Pima Indians was replicated in
later stages of a European patient
population.

The capability of data integration
efforts to derive biomarkers in the
context of DKD was also previously
shown by a group of collaborators from
the SysKid project. An in silico model-
based selection of biomarkers was able
to improve disease prognosis prediction
when added on top of clinical parame-
ters.9 However, the ultimate goal of all
of these efforts is not “only” to predict
the course of the disease but to tailor
therapy. If specific molecular pathways
are active in subgroups of patients and/
or at specific points in time, interacting
medication might be chosen based on
results from respective biomarker panel
analysis.

The study from Nair and colleagues
in this issue of Kidney International is
innovative for several reasons. First, a
workflow is suggested on how data
from “Omics” experiments can be
analyzed sufficiently (Figure 1). Next,
the paper adds to the identification of
relevant molecular processes and mo-
lecular markers in the disease pro-
gression of DKD being the prerequisite
of all further stratification activities.
The latter are definitely needed
because in recent years several studies
with promising new drugs have failed
in later-stage clinical trials in the field
of nephrology probably because pa-
tient selection (based on prognostic
parameters and not pathophysiology)
might have led to the inclusion of
populations a priori having a low
chance to be treatment responsive.
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Levamisole in relapsing
steroid-sensitive nephrotic
syndrome: where do we stand?
Markus J. Kemper1 and Thomas J. Neuhaus2

Many patients with steroid-sensitive nephrotic syndrome develop a
relapsing course; therefore, alternative treatment may be necessary to
avoid steroid toxicity. In this issue, a multicenter controlled study in
relapsing steroid-sensitive nephrotic syndrome shows the
effectiveness of levamisole. Time to first relapse was significantly
increased compared with placebo. In addition, possible differential
treatment effects were suggested for subgroups: patients with
frequent relapses might have a superior response to those with
steroid dependency.
Kidney International (2018) 93, 310–313; http://dx.doi.org/10.1016/j.kint.2017.09.024
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see clinical trial on page 510

S teroid-sensitive idiopathic
nephrotic syndrome (SSNS) is the
most frequent glomerular disor-

der in children, and the underlying
histological lesion is typically charac-
terized by minimal changes. Although
normal renal function is maintained,
many patients develop a relapsing
course leading to steroid toxicity and
thus requiring alternative treatment. In
clinical practice a distinction should be
made between patients with either

frequent relapses (FR) or steroid
dependency (SD). In FR, at least 2 re-
lapses in the first 6 months after pre-
sentation or >4 relapses/year thereafter
must be present; usually prednisolone
can be discontinued intermittently in
this group. In SD, relapses occur during
alternate-day prednisolone or shortly
(<14 days) after discontinuation. This
group carries more unfavorable prog-
noses, and, depending on the protocols
used, steroid exposure can be very high,
varying from 40 mg/m2 (approx.
1.5 mg/kg) using the German protocol
to 0.5 mg/kg using tapering protocols.
As a result, patients with SD are at
much higher risk for developing steroid
toxicity than FR and treatment response
in SD is inferior.1
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A variety of immunosuppressive
drugs are in use for children with
relapsing SSNS including cyclophos-
phamide, mycophenolate (MPO),
calcineurin inhibitors, and rituximab,
the latter usually reserved for severe
cases. Not all drugs have been evaluated
in placebo-controlled studies, and con-
cerns relating to their (long-term) use
are toxicity, costs, and the development
of drug dependency (e.g., in calcineurin
inhibitors, but possibly also MPO
treatment).1 Levamisole, an anti-
helminthic drug believed to act as an
immune modulator in SSNS, has been
administered for over 35 years and was
initially used in children from
Thailand.2 International studies have
documented an effect in other
geographic regions, including a ran-
domized study from the British Asso-
ciation of Paediatric Nephrology
(BAPN), concluding that levamisole is
effective in maintaining a steroid-free
remission.3 Levamisole has conse-
quently been recommended by the
Cochrane group because of the reduc-
tion of relapses in SSNS compared with
corticosteroids alone.4 Despite this,
levamisole is not generally accepted
worldwide; it is, for instance, rarely
used in the United States and some

European countries4 because of
administrative barriers, e.g., restricted
approval and availability.

Main study findings
In this issue of Kidney International, a
randomized, multicenter study evalu-
ating the use of levamisole demon-
strates a benefit of levamisole in
patients with relapsing nephrotic syn-
drome.5 One hundred three patients
from 6 countries with either frequent
relapses or steroid dependency were
enrolled, and 99 patients were included
in the final analysis. Compared with
placebo, time to first relapse was
significantly longer in levamisole-
treated patients (hazard ratio 0.22
[95% confidence interval 0.11–0.43],
P < 0.001), and after 12 months 26%
versus 6% of patients were still in sus-
tained remission. Of note, this effect
became visible only after 100 days,
when additional steroid treatment was
discontinued. Side effects were more
frequent in the levamisole group (58%
vs. 38%), but the most clinically
prominent side effects, i.e., pyrexia,
nasopharyngitis, cough, and mild neu-
tropenia (1000–1500 cells/ml) were
similar in both groups and did not
require study discontinuation. However,

10 patients had evidence of serious
adverse events, ranging from moderate
neutropenia (500–1000 cells/ml) to
antineutrophil cytoplasmic antibody–
positive arthritis, which resolved spon-
taneously or after discontinuation.
Thus, levamisole seems to be a drug
with rather low toxicity, but regular
monitoring including blood count and
antineutrophil cytoplasmic antibody
levels seems important.

The strength of the study is the large
number of patients and the placebo-
controlled, double-blind randomized
approach. In this respect, it should be
emphasized that other “standard”
treatment options for relapsing SSNS
(e.g., cyclophosphamide or MPO) have
not been evaluated formally in placebo-
controlled studies. This, however, is
extremely important especially in dis-
orders like SSNS, where patients have a
significant rate of spontaneous remis-
sion (up to 10% annually). Thus, the
reduction of relapses demonstrated by
Gruppen et al. (2018) is an important
and valid finding, confirming the study
from the BAPN.5

Study limitations
However, several issues and limitations
of the current study need to be
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Figure 1 | Response to levamisole in own (historical) cohort. Although a significant reduction of relapses (n/yr) is seen in
levamisole in all groups, results are much more pronounced in FR. Dashed line indicates median. Modified with permission from
Kemper MJ, Amon O, Timmermann K, et al. Die Behandlung des häufig rezidivierenden steriodsensiblen idiopathischen
nephrotischen Syndroms im Kindesalter mit levamisole. Dtsch Med Wochenschr. 1998;123:239–243. Copyright ª 1998 Georg Thieme
Verlag KG.
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