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SUMMARY

INTRODUCTION: Eighty to ninety percent of childrewith steroid-sensitive
nephrotic syndrome (SSNS) have relapses. Aboutrél@pse frequently and are at risk of the
adverse effects of corticosteroids. Non-corticagteimmunosuppressive agents are used to
prolong periods of remission; however these ageate significant potential adverse effects.
Currently there is no consensus as to the mostopgpte second line agent in steroid—
unresponsive nephrotic syndrome (NS) in children.

OBJECTIVES: Our objective is to evaluate the bdsefind harms of some non-
corticosteroid immunosuppressive agents (i.e. lesale cyclophosphamide (CP),
cyclosporine A (CSA)) in frequently relapsing (FRINSteroid-dependent (SDNS) and
steroid-resistant NS (SRNS) in children.

PATIENTS AND METHODS: A retrospective study was readn the medical
records of 34 children (21 boys, 13 girls) with FR[L5/34), SDNS (13/34), or SRNS (6/34),
whom levamisole was introduced (2 mg/kg per daygra# weeks of daily corticosteroid
treatment. A second retrospective study was madéhemmedical records of 37 children,
where two groups of patients were identified. Grduponsisted of 22 children (15 boys, 7
girls) who received CP first as a second-line imosuppressive drug because of their
nephrotic syndrome. Group 2 consisted of 15 childi® boys, 5 girls) who received second-
line treatment with CSA.

CONCLUSIONS: Our findings suggest that levamisoignificantly reduces the
relapse rate and the cumulative steroid dose ildrelm with FRNS and SDNS and is also a
beneficial and safe therapy for SRNS patients. résale may have a place in preventing
relapse even after courses of akylating agents,itanthy also have some benefit for the
treatment of SRNS patients. CP and CSA are efiesacond-line therapies following steroid
monotherapy in idiopathic NS patients, but the pséarate is lower and the relapse-free
period is significantly longer in our CP-treatecbgp. A good remission rate still can be
achieved after 5 years following the initial CP a&@8A therapy, and the incidence of side
effects is low. An important message of our stuglyhat most children who have a difficult
course of nephrotic syndrome after an initial resiois induced by steroids do well 7-8 years
after presentation. On the other hand, our studiynadly not able to give a definitive answer
to the question as to which is the better treatnrerihe examined patient population. This
retrospective study works with non equal distribntof focal segmental glomerulosclerosis
(FSGS) in the different treatment groups so thestjole can not be answered due to statistical
restrictions. In addition, no accompanying genstigies were performed, which means that
about 10% of our patients are expected to haveatigedisorder.

Further research is still needed to elucidataltherder’'s molecular pathogenesis,
identify new prognostic indicators, and to devebeter approaches to treatment.



1. INTRODUCTION

Idiopathic nephrotic syndrome (NS) is the most @iesgf glomerular disease in
children and is mainly due to minimal change nepbrgyndrome (MCNS) and focal
segmental glomerulosclerosis (FSGS). NS generally & favourable long-term prognosis,
about 90 % of affected children exhibit an excdlighucocorticoid responsiveness, but most
suffer at least one relapse. According to thediiae, about 40 % of the steroid-sensitive
(SSNS) cases are frequently relapsing (FRNS) aeylacbmmonly become steroid-dependent
(SDNS). Steroid resistance (SRNS) develops in 16f #hildren and many of these exhibit
FSGS.

Treatment of the FRNS, SDNS and SRNS patientsiliscballenging because they
often require long-term immunosuppression, (i.eratls) with a greater prevalence of side
effects and complications. The therapeutic aims@iaduce complete remission, reduce the
rate of relapses, the cumulative dose of corticogts, mortality, therapeutic side effects, and
the incidence of serious complications. In the pest decades, alkylating agents such as
cyclophosphamide (CP) and chlorambucil (Chl), thenunomodulatory drug levamisole and
calcineurin inhibitors such as cyclosporine A (CSAhd recently mycophenolate mofetil
(MMF), the inhibitor of purine biosynthesis, haveem used as the main steroid-sparing
agents. The effectiveness of cytotoxic therapy ddpeon the histology of the lesion, they
vary in potency and side effects, and there has heeconsensus as to which should be used
as the first choice of second-line drug.

2. AIMS
The aims of our first study were

1. to investigate the effects of levamisole onnbelber of relapses in FRNS, SDNS,
and SRNS patients in childhood.

2. to investigate the effects of levamisole on thenulative steroid dose in FRNS,
SDNS, and SRNS paediatric patients.

3. to investigate the side effects of the levaleisi@atment.
The aims of the second study were

4. to compare the effect and

5. to compare the long-term outcome of CP and Q#Aapy in those INS paediatric
patients who were originally steroid sensitive lbiter several relapses became SRNS or
SDNS.

3. PATIENTS AND METHODS

3.1. Levamisol study

A retrospective study was made on the medical dscof 34 children (21 boys, 13
girls) with FRNS (15/34), SDNS (13/34), or SRNS3®/ who were admitted to our
Department of Paediatrics between January 1998 andary 2003. Their ages at the time of
diagnosis ranged between 1.5 and 15 years (mecayedrs).

Inclusion criteria were age at onset >1 year ah@ years, initial steroid sensitivity,
FRNS or SDNS. Exclusion criteria were NS seconderyother systemic diseases or
syndromes, and renal histology at onset or subsglgue consistent with
membranoproliferative or membranous nephropathy.



Renal biopsy was performed in 23 children and €@thbwMCNS in 13, IgM
nephropathy (IgM NP) in 7, and FSGS in 3. Renap®yowas not undertaken at the initial
presentation in 11 steroid-sensitive children ie #@bsence of risk factors indicative of
histology other than minimal change disease. Howeaemal biopsy was performed prior to
the introduction of cytotoxic therapy in childrentliv FRNS or SDNS, or in those who
developed steroid resistance. In the SRNS pati¢éewsmisole was introduced following
cytotoxic therapy when a new relapse developeddrifselone was restarted because we
wanted to investigate whether these patients wbaetdme steroid sensitive with a combined
administration with levamisole.

There were 19 patients that received other immupaessive therapy before
levamisole [9 received CP (2-2.5 mg/kg per daydfdr2 weeks), 10 received Chl (0.2 mg/kg
per day for 8 weeks)].

Levamisole was introduced (2 mg/kg per day) afteweeks of daily corticosteroid
treatment. Following another 4 weeks of alternatg-prednisolone, the dose of steroid was
gradually tapered by 10 mg/week. The duration ghmeisole treatment was 17+7 months
(meanzSD; range: 5-36 months). Levamisole was disweed for 6 months when leucopenia
(white blood cell count 8x1J/l) occurred and was then restarted.

The level of proteinuria at the time of diagnosias 4.13+2.51 g/day (meanzSD).
Before the start of levamisole treatment, the pnoiga level was 2.17+1.34 g/day
(mean+SD), the endogenous creatinine clearancel 0&8+47.7 ml per 1.73 himean+SD),
and the relapse rate was 4.41/year (mean). The lativeu steroid dose before the
introduction of levamisole was 7,564.4+3,497.1 regly(meanSD).

3.2. CP versus CSA study

A retrospective study was made of the medical dsaf 37 children (25 boys, 12
girls) with idiopathic NS (INS) who were admittenl the Department of Paediatrics between
1989 and 2000 (follow-up time 5-13 years, medidnygars). At the start of their disease, all
were steroid sensitive, but following several releg they became steroid dependent or
steroid resistant.

Two groups of patients were identified. Group 1gsted of 22 children (15 boys, 7
girls) age range 2-14 (meantSD: 7.4+3.6 years) wdueived CP first as a second-line
immunosuppressive drug because of their NS. Groapngisted of 15 children (10 boys, 5
girls) who received second-line treatment with CSAeir ages at the time of the diagnosis
lay in the interval 5-16 (meanzSD: 11. 7+4.4) years

Inclusion criteria were age at onset > 1 year<ad8 years, SDNS or SRNS.

Renal biopsy was performed in all cases, and it wdgated because we wanted to
see the histology before the change of steroicafiieto another immunosuppressant.

Biopsy revealed MCNS in 19 and FSGS in three petiangroup 1. In group 2, FSGS was
found in seven and MCNS in eight children.

CP was introduced at 2-2.5 mg/kg per day orally8tdr2 weeks. Mean duration of CP
treatment was 2.5+0.5 months (2-3 months). CP plyeveéas associated with 1 mg/kg oral
prednisolone every other day.

The mean proteinuria level at the time of diagnegss 5.0+3.5 g/day (mean+SD), which
became <0.5 g/day during the initial steroid thgraBefore the start of CP treatment,
proteinuria level was 3.9£2.9 g/day (meantSD), @athous creatinine clearance was

100.4+50 ml/min per 1.73 hfmean+SD), and the relapse rate wast3.8/year (mean+SD).
The cumulative steroid dose before CP introducivas 6,941+2,891.2 mg/year (meantSD).



CSA was introduced at 3-5 mg/kg per day. Mean G®Atinent duration was 28+15
(7-60) months. CSA serum drug level was monitorezhtimy; target concentration levels
were 100-200 ng/ml at trough and 800-1000 ng/npleatk. CSA therapy was associated with
1 mg/kg prednisolone every other day.
Proteinuria level at the time of diagnosis was 2.8tg/day (meantSD) and became <0.5
g/day at the end of the first steroid course. Befthre start of CSA treatment, the mean
proteinuria level was 3.9+2.3 g/day (meanzSD), &melogenous creatinine clearance was
86.6+27.3 ml/min per 1.73 hfmean+SD), and the relapse rate was 3.Ifyear (mean+SD).
The cumulative steroid dose before CSA introductiwas 7,656.4+3,517.2 mgl/year
(meanzSD).

3.3. Corticosteroid protocol

In both studies the initial corticosteroid protocatl the start of the disease was
prednisolone 60 mg/fdaily in two divided doses for 4 weeks, followed 40 mg/nf in a
single dose every other day for 4 weeks, with theedthen being tapered by 10 mg/week
according to the recommendations of the Internati@tudy of Kidney Disease in Children
(ISKDC) protocol. Relapses were treated by the sareod in all patients. All patients were
steroid sensitive at the first course of treatmbuat,they became FRNS, SDNS or SRNS later
on. They received more than one steroid coursanédian number was four.

3. 4. Clinical assessment

Patients were followed monthly. At each visit, lesi the clinical assessment, the
following were performed in every case: urinanays24-h urinary protein measurement,
urinary protein:creatinine ratio, endogenous creaéi clearance was measured (based upon
24 hours urine collection), complete blood courdrusn creatinine determination, liver
function tests. In the second study estimated gtalaefiltration rate (eGFR) was calculated
with the Swartz formula: eGFR k=x height[ cm] /serum creatininel mg/dL] wherek=0.55, and
serum lipid profile and CSA blood concentration edistinations were also performed.
Genetic analysis of the patients was not perforrd¢dhe start of the study, all the patients
had normal liver function tests and a normal blamiint in the levamisole study. The
endogenous creatinine clearance was initially rtmal in 7/22 patients in the CP and in
5/15 patients in the CSA group.

3.5. Statistical analysis:The clinical data on the patients are reported asiam,
meanzstandard deviations (SD). Statistical analysekided the Student’s t-tests for the
comparison of parametric data. The level of siatissignificance was taken ap<0.05.

4. RESULTS

4.1. Results of the levamisole study group

Of the 34 patients, 28 had SSNS and 13 of thesanesteroid dependent. Of the 34,
6 developed SRNS before starting levamisole treattnide patients showed signs of steroid
toxicity.

The duration of levamisole treatment was 5-36 (lmedi7) month. There were 29
patients that received levamisole for at least Xihtims, 5 received it for a shorter period
because of leucopenia. Of the 29 children, 23 vecelevamisole for 18 months; 6 had longer



therapy because of relapses. The level of proteinuas 4.13+2.51 g/day at the time of
diagnosis and 2.17+1.34 g/day before the stad\arhisole treatment.

During therapy the level of proteinuria fell sificantly to 0.128+0.213 g/day
(p<0.0001) and remained low after the cessationthaf levamisole adjuvant therapy
(0.134+0.301 g/day).

The relapse rate was 4.41/year before levamis@atrtrent and 0.41/year during
levamisole therapy (p<0.0001). No relapse occuire@3 of the 34 patients during this
therapy, while 10 children had one, and only on&ldiad two relapses per year. Following
the levamisole treatment the relapse rate durietmonth follow-up was 0.22/year; 28 of
the 34 children remained in complete remission@my six of them relapsed.

In 23 of the 34 children, steroid administratiosultl be stopped and they were in
remission on levamisole alone. Of the 34, 11 sekded prednisolone treatment because of
relapses and in one the treatment was supplemeiitteCSA.

There were 2/15 of the FRNS patients, 6/13 of SIBNS patients, and 3/6 of the
SRNS patients that suffered a relapse during Wemnésole therapy. The corresponding rates
were 3/15 in the FRNS group, 2/13 in the SDNS greua 1/6 in the SRNS group two years
after cessation of levamisole therapy.

The endogenous creatinine clearance did not chsiggdicantly during the follow-up
period, being 108.2+45 ml/min per 1.73% rhefore the start of levamisole therapy and
108.0+47.7 ml/min per 1.73 Tafter its completion. Significant changes were atzgerved in
serum electrolyte and liver functions.

During the follow-up period, 5 of our patients d®ped reversible neutropenia (white
blood cell count <3x1W). After normalization of the white blood cell aat, the levamisole
treatment was restarted. None of our patients deeel gastrointestinal, cutaneous, or other
side effects. Side effects of glucocorticoid thgrdpsappeared during the observation period
in all patients.

4.2. Results of the CP treated group

Twenty-two INS patients received CP for 2.5+0.5 thenin the first course as a
second immunosuppressive drug after a remission stéroids was achieved. The average
time from the onset of NS to the start of CP thgrajas 2.5+2.0 years. Fifteen of the 22
patients also received methylprednisolone (MP) gullerapy before administration of CP.
Fifteen children had SDNS and seven had SRNS. denetad MCNS and three had FSGS.

Proteinuria decreased from 3.9+2.9 to 0.5+1.4 g(g&®.01) and remained at 0.9+1.7,
5 years later. One patient with FSGS, who had heawieinuria (12.8 g/day) at the start of
CP, still had 6.2 g/day at the end of the 5-yedlofoup. There were three patients with
MCNS who developed increasing proteinuria, 1.8, &2 3.0 g/day, respectively, by this
time.

Nine patients had a reduced creatinine clearanck veere ranged into National
Kidney Foundation Kidney Disease Quality Outcomeisidtive stages for chronic kidney
disease (NKF K/DOQI CKD) stage llI-V at the end ©P therapy; one normalized by the
time of the 5-year follow-up. One patient needathlteeplacement therapy at the end of the
5-year follow-up. Eight of 22 patients had an etedasystolic blood pressurel20 mmHg)
at the end of the 5-year follow-up period.

The relapse-free period was 30+21.5 months (29.%&t2fhonths in SDNS and
30.3£23.3 months in SRNS patients). The relapsss rdécreased significantly from 3.4+2.8
to 0.5+0.6/year during the first course of CP thgrand remained at this level (0.1+0.2/year)



during the 5-year follow-up (p<0.001). At the end follow-up, five patients were in
remission with immunosuppressive therapy. In tieegtoup, CSA was introduced when CP
results were not sufficient (6/22). Four of 22 eats received prednisolone/MMF therapy as
Immunosuppression after CP.

In relation to CP therapy, 3/22 children had nau2é22 patients had reversible hair
loss, 1/22 had leucopenia and 1/22 alopecia.

4.3. Results of the CSA treated group

Fifteen patients received CSA for an average oflB8honths in the first course as a
second immunosuppressive drug after a remissidnstéroids had been achieved. Twelve of
the 15 patients also received MP pulse therapyréefmministering CSA. Time from
diagnosis to the start of CSA treatment was 3.5e&ry. Eight children had SDNS and 7
SRNS. Seven of them had FSGS and 8 MCNS.

Proteinuria decreased significantly (at the sta@®A treatment, it was 3.9£2.3 g/day,
whereas at the end of CSA treatment, it was 0.9¢ld4y, p<0.01, 5 years later, it was
0.7+1.6 g/day).

Creatinine clearance and eGFR did not significadtignge during the 2-year follow-
up but increased at the end of the study. Afteeéry of follow-up, eGFR deceased <15
ml/min per 1.73rhin two FSGS patients. In these patients, markguetignsion had also
developed. One patient needed renal replacemeaipthat the end of the 5-year follow-up.

Two patients with FSGS and one with MCNS did napend to this CSA course.
Proteinuria increased further in an FSGS case Esyadter the first CSA period, whereas in
the other FSGS and the MCNS patient, a further ssowf CSA treatment resulted in a
decrease in proteinuria.

The relapse-free period was 26.2+18 months (28.%#2®nths in SDNS and 24+£12.7
months in SRNS patients). Relapse rates signifigaiecreased, from 3.7+3.1 to 0.9+0.5/year
during the first CSA course and remained at thigelolevel (0.6+0.8/year) during the follow-
up (p<0.001). At the end of follow-up in the CSAogp, four patients were in with
immunosuppressant therapy. In the CSA group 5/1ferga received more than one CSA
course, and 4/15 needed other immunosuppressikagpthe

During CSA treatment 3/15 patients exhibited hisut 2/15 tremor, 2/15 gingival
hyperplasia, and 1/15 had nausea and appetite loss.

5. DISCUSSION

5.1. Levamisole study

The immunomodulatory agent levamisole has been aseah adjunctive therapy in
FRNS patients as a good alternative to major imrauppressives. This treatment leads to
decreases in the number of relapses and the arabpreadnisolone required.

We used approximately double the dose that usethenBritish Association for
Paediatric Nephrology study, because they rep@tadmber of relapses after the treatment
was stopped. In our study, no relapse occurred3imf2the 34 patients (FRNS, SDNS, or
SRNS) during levamisole treatment, i.e. 67.6% rewewhiin remission, while 10 patients has
one, and one had two relapses in 12 months. In2thenonth follow-up period after
discontinuation of levamisole, 28 children remainedtotal remission and only 6 had
relapses, i.e. a remission rate of 82.3%. There Wweo relapses among the 15 FRNS patients,



six among the 13 SDNS children, and three amon@ tBBNS patients. Although the number
of our patients is small, the proportion of relafiee patients during levamisole treatment is
50% or higher in all three groups. These resubishatter than previously reported studies. At
the same time we recognize that this is a retrds@gaon-randomized study and there was
no control group.

The small number of patients involved in the stddgs not allow a reliable statistical
analysis of the histological findings and the tipexaic effects during levamisole therapy.
Renal biopsy was performed in only 23 of 34 pasefitis therefore difficult to draw any
conclusion based on the total population when te®pathology was known in only about
75%. Nevertheless, our MCNS patients and thosedreml with unknown histology
(indicating a clinical presentation that corresponta MCNS) exhibited a better response to
levamisole than those with IgM NP and FSGS. Genatialysis of the patients was not
available in our centre at the time of the study.

The cumulative steroid dose was significantly loi@lowing the introduction of
levamisole treatment (i.e.1468+1766/year). Thetpaseffect of reducing the steroid dosage
may be secondary to the previously given alkylaiggnts. To investigate this, a prospective
study is necessary either with the eliminationl&flating agents or with a separate group of
patients treated with alkylating agents only veralkylating agents followed by levamisole.
The occurrence of side effects during levamisodatment was rare. We found reversible
neutropenia in five patients, but no other sidec#.

5.2. CP versus CSA study
This retrospective study documents that the longrteesults of CP treatment in
SDNS and SRNS in childhood are at least as effeetsvthose for CSA.

5.2.1. Clinical course of nephrotic syndrome

In our study, CP treatment duration was 2.5+0.5 tnand the relapse-free period
was 30.05+21.5 months (in 5/22 patien@>months). Eighteen of the 22 patients (82%) had
a relapse-free period of more than a year followitd therapy without other
immunosuppressive treatment. Altogether, 10/22 eptgi (48%) did not need further
immunosuppressive therapy until the end of thé fygear. Of the CP-treated patients, 45.5%
were in complete and 36.3 % in partial remissioterathe 5-year follow-up (81.8%
altogether). Further immunosuppressive therapy meeded in 12/22 patients because of
relapses.

In our CSA-treated group, CSA treatment duratiols @&t15 months (7-60 months).
The relapse-free period following the start of C8®&rapy was 26.2+18 months (in 2/15
patients it was 60 months). Of the CSA-treated patients, 46.6 %hef patients were in
complete and 46.6 % in partial remission (altogef882%) at the end of the 5-year follow-
up, and 33% (5/15 patients) did not need therapgceSmany patients relapsed, their
treatment was resumed or changed. NeverthelesS, @Hfients still needed maintenance
Immunosuppressant therapy from the beginning timgilend of the 5-year follow-up.

At the end of the 5th year, 10/15 patients wenemission (66.6%) in the CSA group
and 15/22 (66.2%) in the CP group. The differenegvben the relapse-free period and the
relapse rates after the first CP or CSA period sigsificant in the 2-year and 5-year follow-
up period, with much rarer relapses following CRrépy (p<0.05). When estimating our
results, we found that partial remission did naia@agomplete remission and might finally not
turn out beneficial for the patients.
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5.2.2. Renal function, proteinuria and hypertension

Compared with the CSA group, a significant decréasgeatinine clearance was seen
in patients who were treated with CP first afterasids, at the end of CP treatment, and 2-
years after the CP therapy, but this change wasrsile, and disappeared after 5 years.
Endogenous creatinine clearance and eGFR also shaveggnificant increase in the CSA-
treated group after the 5 years of follow-up. e DP-treated group, a significantly higher
proportion of patients had <0.4 g/day proteinufié/22 patients, 72.7%) than those in CSA
therapy (9/15 patients, 60 %) at the end of thee&-yfollow-up. At this time, the blood
pressure was significantly lower after CP thandfelhg CSA therapy.

5.2.3. Renal histology

FSGS is an indicator for poor prognosis: 6/10 pdsierelapsed, 2/10 patients
developed end-stage renal failure and needed replaicement therapy, and only 1/10 patient
was in remission at the end of the fifth year WktBGS histology. In FSGS, the likelihood of
remission is much lower than in MCNS, which shooddke a mixture of these two groups
obsolete. The low number of the FSGS patients enGR-treated group (3/25) compared to
the 7/15 patients in the CSA group makes it diffito determine the statistical significance
of our results. Furthermore, we cannot be sure tatt@ihomogeneity of these two patient
groups due to the lack of genetic analysis revilthg exact source of their symptoms.
Although our patients had documented steroid Seitgiat the onset, the histology and the
refractory course ending in end-stage renal diseaseme patients suggests that a subgroup
might have had a resistant or very poor responseetoids initially.

5.2.4. Adverse events

The types of side-effects during CP and CSA therapye different. CP therapy
applied for less than 3 months was not associatddmore side-effects than CSA treatment.
Any complications in the two treatment groups pobve be reversible, though none of our
patients received more than one course of CP therdpere were no patients who needed
hospitalization because of severe infections duttvegadministration of oral CP or CSA.
The known side-effects of CSA in the long term dtidae taken into account in the treatment
decision. Its use for more than a year can resulthronic nephrotoxicity in 17-60% of
patients (i.e. CSA-associated arteriolopathy, toingérstitial lesions, and focal glomerular
lesions) or other side-effects, such as hypertansgingival hyperplasia, and hirsutism.
Lijima et al. reported that CSA treatment duratamd duration of heavy proteinuria during
CSA treatment were independent risk factors for thevelopment of CSA-induced
tubulointerstitial lesions in children with MCNS whhad been treated with long-term
moderate-dose CSA. Also, when using cyclophosphantite physician also must take into
account the potential risk of infertility, cardidisease and late cancer.

5.2.5. The possible use of cyclophosphamide omosydrine for treatment

Although a correct evaluation of the relative efifeness of CP and CSA has not
been possible because of the lack of a head-to-h@adiomised trial, studies in which
alkylating agents and CSA have been compared le/¢ol the conclusion that a course of
cytotoxic drug leads to a higher rate of cumulaBustained remission compared with CSA.
Pena et al. achieved high remission rates (73.8%)stologically proven MCNS and FSGS
SRNS patients using MP pulses and alkylating agé@, Chl) together. They also
concluded that initial steroid resistance is a paagnostic factor compared with late-onset
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steroid resistance. Our patients were steroid seasit the beginning, which may explain our
better results.

The efficiency of CP and Chl in patients with SDNERNS, and FRNS is defined by
remission duration. The effect of cytotoxic drugrdpy in SSNS depends on several factors,
such as the underlying glomerular disorder, e.g.N8Cmild mesangial proliferation, IgM
NP, FSGS, steroid sensitivity, FRNS or SDNS cowk&lS, type of cytotoxic drug, drug
dose, treatment duration and concomitant drug plyera

The reported remission rates after cytotoxic theragry from 0% after 12 months to
about 30% after 5 years. In approximately 10% @f platients, however, NS may relapse
during the cytotoxic treatment. The applied CP desges from 105 to 588 mg/kg body
weight cumulatively. Higher dosages are associatiélal a higher chance of relapsing—free
intervals, although the risk of side-effects inses According to the meta-analysis of
cytotoxic treatment in FRNS children published bgtth et al., the remission lasted for a
maximum of 57 months after the first course of tyxa therapy, and the overall relapse-free
survival after 4 years is <50%. On average, studieBRNS result in remission rates of 72%
after 2 years and 36% after 5 years; rates for S@NS40% and 24%, respectively [30].
Second courses of cytotoxic therapy are reportedntoease the rate of long-lasting
remissions. We gave a CP dose of 112-168 mg/kg latively in one course, and we did not
apply a second CP course in any of the NS pati€dis. better results may partially be
explained by the fact that our patients had SSNBeastart of the disease.

In the study by Cattran et al., 49 SRNS FSGS patierere treated with CSA+low-
dose prednisolone and compared with low-dose psetbme+placebo and followed for 200
weeks. They found 70% of the treatment group vs.od%he placebo group had a partial or
complete remission by 26 weeks. Relapse occurrd@%n of patients by week 52 and in 60%
by week 78, but the remainder stayed in remissiothé end of 200 weeks. There was a
decrease of 50% in the baseline creatinine clearan5% of the treated group compared
with 52% of the controls.

Ehrich et al examined 86 children with SRNS dueHR8GS and MCNS in a
retrospective, non-randomized study, and they cwmled that prolonged and intensified
treatment with combined prednisolone+CSA therapglutiing intravenous MP pulses
resulted in higher rate of remission when compatedCSA monotherapy or other
immunosuppressive therapies. Because of a laeKiohcy and the risk of severe side effects
of cytotoxicdrugs including gonadal toxicity, their experiertmesnot indicate that children
should be treated for steroid-resistsi@NS with CP.

Planck et al conducted a controlled multicentredoamized open label trial to test the
efficacy and safety of CSA (n=15) versus CP (nFimkes in the initial therapy of children
with newly diagnosed primary SRNS and histologicalioven MCNS, FSGS or mesangial
hypercellularity. At week 12, nine of the 15 (60%BA patients showed at least partial
remission. In contrast, three of the 17 (17%) CRepts responded (p < 0.05). After 24
weeks, complete remission was reached by two o15hgl3%) CSA and one of the 17 (5%)
CP patients (p = n.s.). Partial remission was aeltidoy seven of the 15 (46%) CSA and two
of the 15 (11%) CP patients (p <0.05). They conetuthat CSA is more effective than CP in
inducing at least partial remission in SRNS indtah.

Based on the data of the above mentioned trial bto@$ al concludes that although
there was no difference in the number of patiedtsesring complete remission, those patients
receiving CSA treatment were significantly moreelik to achieve partial remission than
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those receiving intravenous CP. They also sugfest@SA rather than CP should be used as
first line therapy for children with SRNS.

In the Cochrane Review, 26 trials involving 1173ddren were identified. CP and Chl
significantly reduced the relapse risk at 6-12 rhentompared with prednisolone alone. In
the single Chl vs. CP trial, no difference in raapisk was observed at 2 years. There was no
difference at one year between intravenous andGialCSA was as effective as CP and Chl,
and levamisole was more effective than steroidsealmut the effects were not sustained once
CSA treatment was stopped. There was no differamd¢ke risk for relapse between MMF
and CSA. Mizoribine and azathioprine were no mdfecéve than placebo or prednisone
alone in maintaining remission. The reviewers coded that 8-week courses of CP or Chl
and prolonged courses of CSA and levamisole redneerisk of relapse in children with
relapsing SSNS compared with corticosteroids aldfeanwhile the choice of agent depends
on the physician and patient preferences relatedhévapy duration and the type and
frequency of complications.

Kemper et al. reported that SDNS can recur in ptiglespite CSA maintenance
therapy, and despite its efficacy, the majoritypafients relapse if CSA is stopped.

6. CONCLUSIONS

Our findings suggest that levamisole significantiguces the relapse rate and the
cumulative steroid dose in children with FRNS amaNS and is also a beneficial and safe
therapy for SRNS patients (1)

Levamisole may have a place in preventing relapsm @fter courses of akylating
agents, and it may also have some benefit fordarhent of SRNS patients (2).

The confirmation of the favourable effects of levsohe on the reduction of the frequency of
relapses and on sparing steroids in an adequab@gned, double-blind, placebo-controlled,
randomized, multicenter clinical trial will promotensensus on the place of levamisole in the
treatment of FRNS in childhood.

In the long term, both CP and CSA are effectiveosddine therapies following
steroid monotherapy in INS patients (3).

However, the relapse rate is lower and the relfqgseperiod significantly longer in
the CP-treated group (4).

An important message of our study is that mostdcéil who have a difficult course of
NS after an initial remission induced by steroidsaell 7-8 years after presentation (5).

A good remission rate can be achieved after 5 yledosving the initial CP and CSA
therapy, and the incidence of side effects is 16y (

On the other hand, our study is finally not ablgitee an answer to the question as to
which is the better treatment in the examined pafpulation because it is a retrospective
study with unequal distribution of FSGS in the eliint treatment groups. In addition, no
supplementary genetic studies were performed; finereabout 10% of our patients are
expected to have a genetic disorder.

Further research is needed to elucidate the dissrdholecular pathogenesis, identify
new prognostic indicators, and to develop betterpr@gches to treatment.
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