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SUMMARY

INTRODUCTION: Eighty to ninety percent of childremith steroid-sensitive nephrotic
syndrome (SSNS) have relapses. About half relasgiéntly and are at risk of the adverse
effects of corticosteroids. Non-corticosteroid immauppressive agents are used to prolong
periods of remission; however these agents haveifis@nt 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 bdeefand 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 reazh the medical records of 34
children (21 boys, 13 girls) with FRNS (15/34), SBN13/34), or SRNS (6/34), whom
levamisole was introduced (2 mg/kg per day) aftereg¢ks of daily corticosteroid treatment.
A second retrospective study was made on the megicards of 37 children, where two
groups of patients were identified. Group 1 coesistf 22 children (15 boys, 7 girls) who
received CP first as a second-line immunosuppresdiuig because of their nephrotic
syndrome. Group 2 consisted of 15 children (10 pb&ysgirls) who received second-line
treatment with CSA.

CONCLUSIONS: Our findings suggest that levamisagmigicantly reduces the relapse rate
and the cumulative steroid dose in children witiNFERand SDNS and is also a beneficial
and safe therapy for SRNS patients. Levamisole iImaag a place in preventing relapse even
after courses of akylating agents, and it may &laee some benefit for the treatment of
SRNS patients. CP and CSA are effective second-timrapies 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@D8A 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 studinadly not able to give a definitive answer
to the question as to which is the better treatnrerhe examined patient population. This
retrospective study works with non equal distribntof focal segmental glomerulosclerosis
(FSGS) in the different treatment groups so thestile can not be answered due to
statistical restrictions. In addition, no accompagygenetic studies were performed, which
means that about 10% of our patients are expectkdve a genetic disorder.

Further research is still needed to elucidataltberder's molecular pathogenesis,

identify new prognostic indicators, and to devebeter approaches to treatment.



ABBREVIATIONS

BAPN, British Association for Paediatric Nephrology
BP, blood pressure

Chl, chlorambucil

Clcreat, endogenous creatinine clearance (ml/mii g8 nf)
CSA, cyclosporine-A

CP, cyclophosphamide

eGFR, estimated glomerular filtration rate

F, female

IgM NP, immunglobulinM nephropathy

IL, interleukin

INS, idiopathic nephrotic syndrome

ISKDC, International Study of Kidney Diseases inl@en
FRNS, frequently relapsing nephrotic syndrome
FSGS, focal segmental glomerulosclerosis

MCNS, minimal change nephrotic syndrome

MMF, mycophenolate mofetil

MP, methylprednisolone

M, male

NF-AT, nuclear factor of activated T-cells

NKF K/DOQI CKD, National Kidney Foundation Kidneyig@ase Quality Outcomes

Initiative stages for chronic kidney disease
NS, nephrotic syndrome

RRT, renal replacement therapy

SD, standard deviation

SDNS, steroid dependent nephrotic syndrome
SRNS, steroid resistant nephrotic syndrome
SSNS, steroid sensitive nephrotic syndrome

UP, urinary protein



1. INTRODUCTION

Idiopathic nephrotic syndrome (NS) is the most titt glomerular disease in children and
is mainly due to minimal change nephrotic syndroCNS) and focal segmental
glomerulosclerosis (FSGS){4]. NS generally has a favourable long-term prognaout
90 % of affected children exhibit an excellent gloarticoid responsiveness, but most of
them suffer at least one relapse [5]. Steroid-resppeness is of greater prognostic use than
renal histology [6].
According to the literature, about 40 % of the aildisensitive (SSNS) cases are frequently
relapsing (FRNS) and they commonly become sterejmeddent (SDNS) [7]. Steroid
resistance (SRNS) develops in 10 % of childrenraady of these exhibit FSGS [8].
Treatment of the these NS patients is still cimglieg because they often require
long-term, high-dose immunosuppression (i.e. usst@fids), with a greater prevalence of
side effects and complications (poor growth, cugbich obesity, adrenal suppression,
hypertension, osteoporosis, cataracts, and psygicalo disturbances) [5, 91]. The
therapeutic aims are to induce complete remisseahyce the rate of relapses, the cumulative
dose of corticosteroids, mortality, therapeuticesiffects, and the incidence of serious
complications [12]. In the past two decades, alikytpagents such as cyclophosphamide
(CP) and chlorambucil (Chl), the immunomodulatorygllevamisole, calcineurin inhibitors
such as cyclosporine A (CSA) and recently tacroinfUAC) and mycophenolate mofetil
(MMF), the inhibitor of purine biosynthesis, haveelm used as the main steroid-sparing
agents [1315]. The effectiveness of cytotoxic therapy dependsthe histology of the
lesion, they vary in potency and side effects, thate has been no consensus as to which
should be used as the first choice of second-ling fiL6- 18].
CP has been used in nephrology since the 196C=eat CSA and levamisole were added
to the armamentarium of therapies in 1987, andnaasus guideline for the treatment of NS
was published by the British Association of Paedidiephrology (BAPN) in 1994 [19].
Levamisole was originally developed as an antihefhic drug with a non-specific
immunomodulatory effect. It has been hypothesiazecharmalize deficient cell-mediated

immunity [10]. It enhances T-cell responses by stating T-cell activation and



proliferation; it potentiates monocyte and macragghfunctions, including phagocytosis and
chemotaxis, and increases neutrophil mobility, aelnee and chemotaxis [20]. This
mechanism is important, because SSNS has long theeight to be due to lymphocyte-
derived circulating factors leading to podocyteuiyj with subsequent proteinuria. New
studies support this mechanism and implicate tleeaDT helper 2 cytokine inteleukin (IL) -
13. In addition a genetic mutation in familial N&shbeen reported in a child, who responded
to corticosteroid therapy and preliminary trial alain MMF supporting its efficacy as a
steroid-sparing agent. Among the different drugedufor their steroid-sparing effect in
FRNS, levamisole is the least toxic, and the leapensive. However, it is neither approved
for this indication nor widely used in Europe, thare new clinical trial data supporting the
efficacy of levamisole in SSNS [21].

The alkylating agent CP is widely used in SDNS &RNS in children, either orally (2-3
mg/kg per day for 8-12 weeks) or in intravenousrff500-750 mg/rhper month for 6
months) [22]. CP has been shown to prevent progeessarring within the kidney, preserve
renal function, induce remission, and to reduceriglieof end-stage renal failure, but it also
causes lymphopenia, decreases immunoglobulin satretuppresses some of the T-cell
functions and enhances the immune response byitingilsuppressor T-cells.

The toxicity of CP (2-3 mg/kg per day) [225] and chlorambucil (0.2 mg/kg per day for 8-
12 weeks) [26, 27] is generally mild and reversiblet it includes bone marrow depression,
hemorrhagic cystitis, hair loss, infertility seiegr and rarely, oncogenesis {28]. In SDNS
and FRNS there is no significant difference betw&€Emand Chl therapeutic results.

CSA, a lipophilic decapeptide, is well recognizedoe effective in the treatment of children
with  SDNS or SRNS. CSA is thought to bind to thetosglic protein cyclophilin
(immunophilin) of immunocompetent lymphocytes, espiy T-lymphocytes. This complex
of CSA and cyclophilin inhibits calcineurin, whicls responsible for activating the
transcription of interleukin-2 in T-cells. Activatn of the T-cell receptor normally increases
intracellular calcium, which acts via calmodulin &ctivate calcineurin. Calcineurin then
dephosphorylates the transcription factor NF-ATc{ear factor of activated T-cells), which
moves to the nucleus of the T-cell and increasesathivity of genes coding for IL-2 and
related cytokines. CSA prevents the dephosphodygatf NF-AT by binding to cyclophilin.

It also inhibits lymphokine production and IL redeaand, therefore, leads to a reduced



function of effector T-cells. Several mechanismgenbeen postulated to explain the CSA-
induced reduction in proteinuria in NS. The mainchenisms have been: changes in the
properties of the glomerular barrier, resulting@mincreased charge and size selectivity [30];
reduction in glomerular plasma flow or ultrafiliat pressure, which reduces proteinuria on
a haemodynamic basis [30]; and inhibits the exprassf IL-2 receptor at transcriptional
level [31].

CSA can be used in teenage boys to avoid gonaditypxif CP or in children with steroid
toxicity. Response rates of 50-100% have been tegan the literature when twice-daily
dosing of 5 to 32 mg/kg per day is applied (thealisiose is 5-6 mg/kg per day), blood levels
of 70-500 ng/ml being achieved [29]. The efficacyd aoxicity of CSA correlate with its
serum concentration. Although there is no standaatocol, the initial CSA treatment
normally lasts for 1-2 years [6].

The most common side effects of CSA are nephroityxia transient increase in serum
creatinine concentration, a decreased glomeruliration rate, gingival hyperplasia,
hypertrichosis and gastric discomfort [9, 12, 17], 3

Because of the relatively low prevalence of FRN®NS and SRNS, it is difficult to
establish the precise stage at which a steroidrgpagent should be prescribed to control the

disease and minimize steroid toxicity.
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2. THE AIMS OF THE STUDY

The aims of our first study were

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

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

3. to investigate the side effects of the levaleis@atment.
The aim of the second study was

4. to compare the effect and

5. to compare the long-term outcome of CP and G&fapy in those idiopathic NS
(INS) patients who were originally steroid sengtiwt after several relapses became SRNS
or SDNS.
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3. PATIENTS AND METHODS

3.1. Levamisole 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 1998amdary 2003. Their ages at the time of
diagnosis ranged between 1.5 and 15 years (medayedrs).

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

The first 34 patients who were admitted to ouraspent for FRNS, SDNS, or
SRNS and were treated with levamisole were inclugiedhe study. Renal biopsy was
performed in 23 children and showed MCNS in 13, Ighphropathy (IgM NP) in 7, and
FSGS in 3. Renal biopsy was not undertaken atritialipresentation in 11 steroid-sensitive
children in the absence of risk factors indicatofehistology other than minimal change
disease. However, renal biopsy was performed poidhe introduction of cytotoxic therapy
in children with FRNS or SDNS, or in those who deped steroid resistance. In the SRNS
patients, levamisole was introduced following cgtat therapy when a new relapse
developed. Prednisolone was restarted because wéedvao investigate whether these
patients would become steroid sensitive with a aagtbadministration with levamisole.

There were 19 patients that received other immummessive therapy before
levamisole [9 received CP (2-2.5 mg/kg per daystdr2 weeks), 10 received Chl (0.2 mg/kg
per day for 8 weeks)].

Levamisole was introduced (2 mg/kg per day) adteveeks of daily corticosteroid
treatment. Following another 4 weeks of alternatg-prednisolone, the dose of steroid was
gradually tapered by 10 mg/week. The duration vameisole treatment was 17+7 months
(meantSD; range: 5-36 months). Levamisole was diswoed for 6 months when
leucopenia (white blood cell count3x10/1) occurred and was then restarted.
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The level of proteinuria at the time of diagnoaias 4.13+2.51 g/day (meanzSD).
Before the start of levamisole treatment, the pnotga level was 2.17+1.34 g/day
(mean+SD), the endogenous creatinine clearancd 0&6+47.7 ml per 1.73 Mimean+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 negly(meanSD).

3.2. CP versus CSA study

A retrospective study was made of the medical aaf 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 1lgisted of 22 children (15 boys, 7
girls) age range 2-14 (meantSD: 7.4+3.6 years) wdteived CP first as a second-line
immunosuppressive drug because of their NS. Groopngisted 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 yearaia8 years, SDNS or SRNS.

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

Biopsy revealed MCNS in 19 and FSGS in three pttisngroup 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 orally&dr2 weeks. Mean duration of
CP treatment was 2.5+0.5 months (2-3 months). @Pafly was associated with 1 mg/kg
oral prednisolone every other day.

The mean proteinuria level at the time of diagnegs 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), @mhous creatinine clearance was
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100.4+50 ml/min per 1.73 hfmean+SD), and the relapse rate was3.8/year (mean+SD).
The cumulative steroid dose before CP introductvas 6,941+2,891.2 mg/year (meantSD).
CSA was introduced at 3-5 mg/kg per day. Mean Q®Atinent duration was 28+15
(7-60) months. CSA serum drug level was monitorexhtimy; target concentration levels
were 100-200 ng/ml at trough and 800-1000 ng/rpleatk. CSA therapy was associated with
1 mg/kg prednisolone every other day.
Proteinuria level at the time of diagnosis was 2.8ig/day (mean+SD) 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 (meantSD), ¢éinelogenous creatinine clearance was
86.6+27.3 ml/min per 1.73 himean+SD), and the relapse rate was 3.TA47ear (mean+SD).
The cumulative steroid dose before CSA introductwas 7,656.4+3,517.2 mg/year

(meanzSD).

3.3. Definitions

FRNS was defined as two or more relapses withinfitlse 6 months of the initial
episode or four or more relapses during any 12-mpatiod.

SDNS was defined as at least two relapses durtegnake-day steroid treatment or
within 14 days after stopping steroid therapy.

SRNS was defined as no improvement in proteinuter & month of prednisolone
therapy of 60 mg/fmper day.

Relapse was defined as proteinuria®>g/day (40 mg/R) for 3 consecutive days.

Complete remission was defined as a reduction imaoy protein excretion toG<1
g/day (¢ mg/nf) for 3 consecutive days.

Partial remission was defined as decreased uripanyein by 50 % from the

baseline on initial presentation.
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3.4. Corticosteroid protocol

The initial corticosteroid protocol at the start thie disease was prednisolone 60
mg/nt daily in two divided doses for 4 weeks, followegl40 mg/n7 in a single dose every
other day for 4 weeks, with the dose then beingreg by 10 mg/week according to the
recommendations of the International Study of KidriRisease in Children (ISKDC)
protocol. Relapses were treated by the same mathaltl patients. All patients were steroid
sensitive at the first course of treatment, buythecame FRNS, SDNS or SRNS later on.

They received more than one steroid course; theamedimber was four.

3.5. Clinical assessment

Patients were checked monthly. At each visit, lessithe clinical assessment, the
following investigations were performed in everyseaurinanalysis, 24-h urinary protein /
urinary protein:creatinine ratio, endogenous creadi clearance (based upon 24 hours urine
collection), complete blood count, serum creatirdieéermination, liver function tests were
measured. In the second study (CP versus CSA sestypated glomerular filtration rate
(eGFR) was calculated according to the Swartz ftamGFR =k x height[cm]/serum
creatiningfmg/dL] where k=0.55, serum lipid profile and CSA blood concentration
determinations were also performed. Genetic aralyas not performed.

At the start of the study, all the patients hadnmadrliver function tests and a normal blood
count in the levamisole group. The endogenousiaieatclearance was initially abnormal in
7/22 patients in the CP and in 5/15 patients inGB& group.

3.6. Statistical analysis
The clinical data on the patients are reported ediam, mean + standard deviations

(SD). Statistical analyses included the Studentests for the comparison of parametric data.

The level of statistical significance was takernjas0.05.
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4. RESULTS

4.1. Results of the levamisole study

Of the 34 patients, 28 had SSNS and 13 of thesenbesteroid dependent. Of the 34,
6 developed SRNS before starting levamisole treatnde patients showed signs of steroid
toxicity, including growth retardation, obesity, gertension, or osteoporosis. Data on
patients in the FRNS, SDNS, and SRNS groups anersioTables 1, 2, and 3, respectively.

The duration of levamisole treatment was 5-36 (ared7) months. There were 29
patients that received levamisole for at least Ifhtims, 5 received it for a shorter period
because of leucopenia. Of the 29 children, 23 veceievamisole for 18 months; 6 had
longer therapy because of relapses. The levelaigpuria was 4.13+2.51 g/day at the time
of diagnosis and 2.17+1.34 g/day before the sfdavamisole treatment.

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

The relapse rate was 4.41/year before levamiselatnrent and 0.41/year during
levamisole therapy (p<0.0001). No relapse occume@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 duria@thmonth follow-up was 0.22/year; 28 of
the 34 children remained in complete remission @mg six of them relapsed. The changes
in the level of proteinuria and the cumulative stgidose are shown in Table 4.

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

There were 2 of 15 of the FRNS patients, 6 of flhe SDNS patients, and 3 of 6 of
the SRNS patients that suffered a relapse duriadeamisole therapy. The corresponding
rates were 3 of 15 in the FRNS group, 2 of 13 @ $DNS group, and 1 of 6 in the SRNS
group two years after cessation of levamisole fhe(dable 5).

The connections between the histopathology andh@peutic response during the

treatment and the follow-up are shown in Table 6.
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Table 1 Patients with frequently relapsing nephrotic sypmae (FRNS)

Patient | Sex | Age Biopsy | Immunosuppression other Proteinuria (g/day) Cumulative steroid dose (mg
no. (years) than prednisolone before
levamisole treatment
At diagnosis At start of After Before start of During
levamisole levaate levamisole levamisole
therapy erapy therapy therapy

1 M 5 MCNS | CP 2.3 0.98 0 9240 0
2 M 3 - - 2.3 1.8 0.54 4930 0
3 M 2 - Chl 4.1 2.7 0 1850 0
4 F 4.5 MCNS | - 3.2 2.7 0.01 7390 3080
5 F 3.5 MCNS | - 2.1 1.1 0 11080 0
6 M 3 - CP 4.8 2.4 0.612 7390 0
7 F 6 IgM NP | CP 1.5 1.8 0.1 11090 0
8 F 4 - - 2.1 0.98 0 8320 3080
9 F 5 - CP 5.0 1.5 0.17 3080 0
10 M 1.8 - - 1.5 0.9 0 3400 1680
11 F 2.5 - - 2.1 0.7 0 15400 0
12 F 5 MCNS | Chl 8.7 3.5 0 12320 0
13 M 4.5 MCNS | Chl 3.7 2.3 0 7530 4920
14 M 4.5 - - 1.7 0.98 0.05 6460 2060
15 F 5 - 1.4 1.1 0.016 6080 4920

M male;F female;MCNSm

inimal change nephrotic syndro

mgM NP IgM nephropathyCP cyclophosphamideZhl Chlorambucil.
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Table 2 Patients with steroid-dependent nephrotic syndr(BimNS)

Patient | Sex | Age Biopsy | Immunosuppression other Proteinuria (g/day) Cumulative steroid dose (mg
no. (years) than prednisolone before
levamisole treatment
At diagnosis At start of After Before start of During

levamisole levaate levamisole levamisole
therapy erapy therapy therapy

1 M 6 MCNS | MP, CP 6.0 2.5 0.54 12320 0

2 M 5 - - 2.9 1.2 0.1 9240 3080

3 M 15 FSGS - 5.2 2.4 0.36 13860 5470

4 F 7 MCNS | Chl 6.0 2.6 0.01 6160 0

5 M 1.5 - - 5.4 3.2 0 3330 1100

6 M 14 MCNS | CP 11.16 2.6 0 6160 1680

7 M 4 MCNS | Chl 5.1 2.4 0.1 3080 0

8 F 6 MCNS | Chl 8.8 6.1 0.02 6160 0

9 M 4 IgM NP | MP 2.5 2.5 0.4 6160 3080

10 M 4.5 IgM NP | CP 4.0 1.15 0.8 6160 2800

11 M 5 FSGS - 10.3 5.8 0.08 6510 2050

12 M 5 IgM NP | MP 3.7 4.4 0.2 8360 2050

13 M 5 MCNS 4.93 2.4 0 5600 0

M male;F female;MCNS minimal change nephrotic syndronP methylprednisoloneCP cyclophosphamiddsSGSfocal
segmental glomeruloscleros@hl chlorambucil;igM NP IgM nephropathy.




Table 3 Patients with steroid-resistant nephrotic syndrg8RRNS)
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Patient | Sex | Age Biopsy' | Immunosuppression other Proteinuria (g/day) Cumulative steroid dose (mg
no. (years) than prednisolone before
levamisole treatment
At diagnosis At start of After Before start of During

levamisole leviaate levamisole levamisole
therapy erdpy therapy therapy

1 F 1.5 MCNS | Chl 5 3.3 0.02 2870 0

2 F 1.5 IgM NP| CP 2.5 0.4 0.01 6600 0

3 M 2 IgM NP | MP, CP 2 0.5 0.024 5540 3900

4 M 15 FSGS Chl 2.5 1.5 0.15 11370 2050

5 M 3 MCNS | Chl 2.4 1.8 0.32 14690 3080

6 M 5.5 IgM NP | Chl 3.4 1.7 0.18 7390 0

M male;F female;Chl Chlorambucil;MP methylprednisoloneCP cyclophosphamidMCNS minimal change nephrotic syndrome;
IgM NP IgM nephropathyFSGSfocal segmental glomerulosclerosis.
dPatients had a history of MCNS (in patient 4 FSGBINS was combined with IgM NP in patients 2, 3¢ &.
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Table 4 The distribution and data of patients with nepilesrsyndrome

FRNS (n=15) SDNS (n=13) SRNS (n=6)
Sex (male/female) 9/6 10/3 6/0
Age at diagnosis (years; mean+SD) 3.95+1.25 6.%:3.8 4.75+5.24
Age at start of levamisole therapy 6.67+3.18 9.37#4.1 6.215.6

(years)
Proteinuria (g/day)

at diagnosis 3.1+1.95 5.84+2.68 2.96+1.09

at start of levamisole therapy 1.69+0.84 3.02+1.53 1.53+£1.05

after levamisole therapy 0.09+0.7" 0.2+0.25 0.11+0.12

Cumulative steroid dose (mg)
at start of levamisole therapy

after levamisole therapy

7704.7+3707.9
1316.0+1860.7

7165.5+3115.2
1639.2+1689.1

8086.5+4256.5
1505.0+1749.7

FRNS frequently relapsing nephrotic syndron®NS steroid dependent nephrotic syndrome;
SRNS steroid resistant nephrotic syndrome.

" P<0.01,” P<0.0001 vs. start of levamisole therapy; datayaren in mean+SD.
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Table 5Relapses during levamisole therapy and durindgat@w-up period

Number of relapsed | Number of relapsed
patients during patients 24 month after
levamisole therapy levamisole therapy

FRNS (n=15) 2 3

SDNS (n=13) 6 2

SRNS (n=6) 3 1

FRNS frequently relapsing nephrotic syndron®NS steroid dependent
nephrotic syndromeSRNS steroid resistant nephrotic syndrome.



21

Table 6 Histopathology and therapeutic response

During levamisole therapy 24 month after
levamisole
Histology No relapse 1 relapse 2 relapses  therapy
(number of
in 12 month relapses)
MCNS (n=13) 8 4 1 1
IgM NP (n=7) 3 4 - 1
FSGS (n=3) 2 1 - 1
Unknown histology (n=11) 10 1 - 3

MCNS minimal change nephrotic syndromgiM NP IgM nephropathyFSGS focal

segmental glomerulosclerosis.
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The endogenous creatinine clearance did not chsiggéicantly during the follow-
up period, being 108.2+45 ml/min per 1.73 before the start of levamisole therapy and
108.0+47.7 ml/min per 1.73 after its completion. Significant changes were oloserved
in serum electrolyte and liver function parameters.

During the follow-up period, 5 of our patients dwped reversible neutropenia
(white blood cell count <3xf). After normalization of the white blood cell wot, the
levamisole treatment was restarted. None of oulemEt developed gastrointestinal,
cutaneous, or other side effects [20,-33]. Side effects of glucocorticoid therapy

disappeared during the observation period in diepts.

4.2. Results of the CP treated group

Table 7 and 8 present data on the treatment oérmatiaccording to histology and
clinical course of the disease. Twenty-two INS gt received CP for 2.5£0.5 months in
the first course as a second immunosuppressive diteg a remission with steroids was
achieved. The average time from the onset of N#heostart of CP therapy was 2.5+2.0
years. Fifteen of the 22 patients also receivethyligrednisolone (MP) pulse therapy before
administration of CP. Fifteen children had SDNS aaden had SRNS. Nineteen had MCNS
and three had FSGS. Proteinuria decreased from23 9% 0.5t1.4 g/day (p<0.01) and
remained at 0.9+1.7 g/day, 5 years later. One miatveh FSGS, who had heavy proteinuria
(12.8 g/day) at the start of CP, still had 6.2 g/dathe end of the 5-year follow-up. There
were three patients with MCNS who developed inérngggroteinuria, 1.8, 5.2 and 3.0 g/day,
respectively, by this time. Nine patients had auoedl creatinine clearance and were ranged
into National Kidney Foundation Kidney Disease @yabutcomes Initiative [38] stages for
chronic kidney disease (NKF K/DOQI CKD) stage lll-at the end of CP therapy; one
normalized by the time of the 5-year follow-up. lEi@f 22 patients had an elevated systolic
blood pressure >120 mmHg) at the end of the 5-year follow-up period
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Table 7 Statistical data of the cyclophosphamide and cprone-A treated patients according to the clinnoairse (SDNS or SRNS)

Group | (CP) Group Il (CSA)

Clinical classification SDNS (n=15) SRNS (n=7) SDS8) SRNS (n=7)
Age at onset (year)

- meanzSD 7.7+3.8 6.4+2.9 9.5+4.7 14.3+2.4

- median (range) 9 (2-14) 7.7 (2.2-12) 8 (4.5-16) 15 (10-16)
Gender: male/female 12/3 3/4 7/1 Ya
Histology: MCNS/FSGS 12/3 710 4/4 4/3
Duration of treatment (month 2.5+0.5 2.4+0.5 20.248.5 36.7£17.2
(meantSD)
Urinary protein:creatinine Before 2years| 5Syears | before 2years| 5years| Before | 2years| 5years | before 2 years| 5 years
ratio after after after after after after after after

Therapy

- < 0.2 mg/mg 1 10 10 0 5 3 7 6 4 7 3 4

- 0.2-2.0 mg/mg 3 3 3 2 2 3 1 2 3 0 3 3

- > 2.0 mg/mg 10 1 1 6 1 2 0 0 1 0 1 0
Urinary protein (g/24 h
mean+SD) 4.1+3.3| 0.4+0.8' | 0.7+1.6' | 3.3+2.3 | 0.3+0.6' | 1.3+2’ | 4.442.6 | 1.3+3.3' | 0.9+2’ | 3.5+2.1 | 1.4+2.1 | 0.3+0.2’
eGFR (ml/min per 1.73
(NKF K/DOQI CKD stages)

->90 (stagel) 4 5 7 1 1 4 2 0 5 0 2 3

- 60-89 (stage II) 5 4 3 5 3 0 4 4 1 3 2 3

- 30-59 (stage IlI) 4 3 3 0 2 1 1 3 1 2 2 0

- 15-29 (stage V) 1 3 1 0 1 1 1 0 0 0 1 1

-< 15 (stage V) 1 0 1 1 0 1 0 1 1 1 0 0
BP (mmHg; meantSD) systolic diastolic systolic diastolic systolic Diakic systolic Diastolic

- before th. 108.3+12.3 72+7 106.4+12.5 67.1+7.6 115.6+9.2 77.5+8.5 119.3+6 77.1+9

- 1 year after th. 111.2412.3 71.3+8.5 107.1+10.7 67.946.3 117.5+12.8 76.817.0 120.7+7.9 78.617.5

- 2 years after th. 113+ 15.3 72.2+10.9 104.3+12.4 68.6+10.7 115+17.7 72.5+10 119.2+16.9 75+10.4

- 5 years after th. 113.3+11.4 74.3+8.0 122.1+13.5 80+12.6 121.9+11.6 78.716.4 122.1+£12.2 79.3+10.2
Relapse free period(mol, 29.9+21.5 30.3+23.3 28.1+22.4 24+12.7

mear+SD)

Relapse rate/year 5 years after
therapy (mean=SD) 0+0.3’ 0.1+0.13’ 0.8+1.0’ 0.5+0.7

CP cyclophosphamideCSA cyclosporine-A;SDNS steroid dependent nephrotic syndror88NS steroid resistant nephrotic syndroldCNS minimal change
nephrotic syndrome;SGS focal segmental glomerulosclerods® blood pressureeGFR estimated glomerular filtration rate (accordinghe Schwarz formule);
NKF K/DOQI CKD stages National Kidney Foundation K/DOQI stages for chicdkidney diseaséP<0.001 vs. before the start of CP or CSA therapy.
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Table 8 Data of cyclophosphamide and cyclosporine-A treauinm idiopathic nephrotic syndrome according® histology

Before starting therapy

At the end of therapy

Twarg after treatment

Five years after treatment

UP Clcreat | Relapse upP Clcreat | Relapse UP Clcreat | Relapse UP Cl creat Relapse
g/day | ml/min per | rate/year| g/day ml/min rate/year| g/day ml/min rate/year| g/day | ml/min per | rate/year
1.73nf per per 1.73nf
1.73nf 1.73nf
MCNS | 3.4#2.3| 104+51.8 0.2+0.4° | 88.4128.2 0.2+0.4 | 83.9+29 0.7+1.3 | 108.2+45
CP (n=19)
(n=22) | FSGS 6.6£5.4| 77.5£34.3 2.5+3.8' | 70.3+37.6 1.6+1.7 | 75.6+29.5 2.1+3.4'| 86.1+66.4
(n=3)
3.9+2.9| 100.4450| 3.4#2.8 | 0.5+1.4’ | 85.9+29.3| 0.5+0/6| 0.4+0.7 | 82.7+28.5| 0.2+011| 0.9+1.7' | 105.3+47.7| 0.120.2
MCNS | 3.5+2.3 83.8+27 0.7+1.1° | 71+30.9 0.8+1.7 | 86.9+22.6 0.240.2| 80.7+52.5
CSA | (n=8) o
(n=15) 'FSGS 4.5+2.4| 88.6+29.2 1+1.79 | 95.3+37.2 2.1+3.6' | 80.2+26.7 1+2.F | 122.9+18.5
(n=7)

3.9+2.3| 86.6+27.3| 3.7+3.]

0.9+1.4 83.9435.4 9+0 &’

1.542.8 | 83.4+24.2 0.9+0.5

0.7+1.6 | 109.8435.4 .6+0.8’

CP cyclophosphamideZSA cyclosporine-AUP urinary protein (g/dayMCNS minimal change nephrotic syndrone8GS
focal segmental glomerular sclerosB;creat endogenous creatinine clearance (ml/min per 133 m
Data are presented in mean+$P<0.001 vs. before the start of CP or CSA therapy.
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The relapse-free period was 30+21.5 months (29.%t2fhonths in SDNS and
30.3£23.3 months in SRNS patients). The relapss d¢creased significantly from 3.4+2.8
to 0.5+0.6/year during the first course of CP tpgrand remained at this level (0.1+0.2/year)
during the 5-year follow-up (p<0.001). At the ent follow-up, five patients were in
remission (<0.4 g/day proteinurig&80ml/min per 1.73 fh creatinine clearance) with
immunosuppressive therapy.

In relation to CP therapy, 3/22 children had nau2&22 patients had reversible hair

loss, 1/22 had leucopenia and 1/22 alopecia.

4.3. Results of the CSA treated group

Table 7 and 8 presents treatment data on the patemtording to histology and
clinical course of the disease. Fifteen patientgiked CSA for an average of 28+15 months
in the first course as a second immunosuppressivg after a remission with steroids had
been achieved. Twelve of the 15 patients also vedeiMP pulse therapy before
administration of CSA. Time from diagnosis to tharsof CSA treatment was 3.5£3 years.
Eight children had SDNS and seven SRNS. Sevenehthad FSGS and eight MCNS.
Proteinuria decreased significantly (at the stdriC8A treatment, it was 3t2.3 g/day,
whereas at the end of CSA treatment, it was 0.9glddy, p<0.01, 5 years later, it was
0.7£1.6 g/day). Creatinine clearance and eGFR didinange significantly during the 2-year
follow-up but increased at the end of the studyoatients with FSGS and one with MCNS
did not respond to this CSA course: proteinuria Bds 2.5 and 4.4 g/day, respectively.
Proteinuria increased further in an FSGS case,ligfélay 5 years after the first CSA period,
whereas in the other FSGS and the MCNS patieniither course of CSA treatment resulted
in a decrease in proteinuria to 0.4 and 0.5 g/despectively. After 5-years of follow-up,
eGFR decreased <15 ml/min per 1.73m two FSGS patients. In these patients, marked
hypertension had also developed.

The relapse-free period was 26.2+18 months (28.%#+28onths in SDNS and
24+12.7 months in SRNS patients). Relapse ratesfis@ntly decreased, from 3.7+3.1 to
0.920.5/year during the first CSA course and remhiat this lower level (0.6+0.8/year)
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during the follow-up (p<0.001). At the end of foNeup in the CSA group, four patients were
in remission (<0.4 g/day proteinurizB80ml/min per 1.73 fcreatinine clearance) with
immunosuppressant therapy.

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

Table 9 represents the further therapy after theméxed period. In the CP group,
CSA was introduced when CP results were not sefiic{6/22). Four of 22 patients received
prednisolone/MMF therapy as immunosuppression &fferin the CSA group 5/15 patients
received more than one CSA course and 4/15 nedtded immunosuppressive therapy. One
patient in each group needed renal replacemerdpet the end of the 5-year follow-up.

Figure 1 shows the clinical course according to higology of the patients in

remission or in relapse during the follow-up period
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Table 9 Further immunosupressive treatment after firsta@® CSA course

Number Number

of of

patients patients
Only 1 course of CP 10 Only 1 course of CSA 5
CP after CP 0 CSA after CSA 5
Prednisolone and CSA after CP 2 Prednisolone ada@®r CSA | 1
CSA after CP 4 CP after CSA 1
Prednisolone after CP 2 Prednisolone after CSA 1
MMF after CP 1 MMF after CSA 1
MMF and Prednisolone after CP| 1 MMF and Predniselafter CSA| 0
HD/CAPD and CSA after CP 1 HD after CSA 1

CP cyclophosphamide; CSA cyclosporine-A; MMF  mycophenolate mofetil; HD
hemodialysisCAPD continous ambulatory peritoneal dialysis.
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Figure 1 Clinical course of CP and CSA treated patientsrdite years follow-up

SRNS (n=1/4)

Group | (CP, n=7

Groug@sSA, n=7

T

SDNS (n=23)
[
I I
Group | (CP, n=15 Group Il (CSA, n38)
remission, n=B | relapsed, nF4 RRT remissio
n (MCNS)=71 | n (MCNS)=4 n (FSGS)F1 n (MCNS)=
n (FSGS)=1 n (FSGS)=1
remission, n=Rrelapsed, n=4 RRT
n (MCNS)=2 n (MCNS)=2 n (FSGS)f1
n (FSGS)=1 n (FSGS)=p

relapsed
n (MCNS)#5
remission relapsed, nE5
n (MCNS)=2 n (MCNS)=2
(F8GS)=3

CP cyclophosphamideZSA cyclosporine-ASDNS steroid dependent nephrotic syndroi®eINS steroid resistant nephrotic syndrorRRT renal
replacement therap CNS minimal change nephrotic syndronie8GS focal segmental glomerular sclerosis.
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5. DISCUSSION

5.1. Discussion of the levamisole study

One of the most difficult tasks in paediatric nepbgy is the care of INS patients
with multiple relapses, and the situation is evesrendifficult in SDNS and SRNS patients.
These patients are candidates for treatment wetiois-sparing agents [15, 25, 19, 39].

Attempts to maintain remission and to preventpsds are associated with certain
risks. The immunomodulatory agent levamisole haanbgsed as an adjunctive therapy in
such patients [4047] as a good alternative to major immunosuppressif48]. This
treatment leads to decreases in the number ofsedapnd the amount of prednisolone
required. Niaudet et al. treated 30 SDNS patieritis lwvamisole for a mean duration of 9.9
months. Almost half of the patients had no relapdespite the achievement of a significant
reduction in the dose of prednisolone [41].

The British Association for Paediatric NephrologBAPN) reported prolonged
remission in patients with SDNS given alternate-dgsyamisole for 16 weeks [45]. However,
relapses occurred in the majority of patients attertreatment was stopped. Neuhaus at al.
likewise observed that levamisole at a dose ofn2gfkg on alternate days for 6-18 months
was effective in inducing remission in more tharf lod the patients [15]. Bagga et al.
suggested that long-term levamisole therapy with-dose prednisolone can lead to a
significant reduction in the relapse rate in SDNents [13]. In a prospective trial, Donia et
al. treated 20 SDNS patients with levamisole fon@ths and followed them for a further 6
months. At the end of the 6-month treatment periddpatients were maintaining remission
on levamisole alone. At the end of the 12-monthlsfoeriod, 5 patients (25 %) were still in
remission [47]. Ksiazek and Krynski reported a leighroportion (45.5 %) of patients who
were able to withdraw from steroids and maintaimission for more than 6 months after
levamisole therapy, perhaps because they did optlsvamisole throughout the study [49].
Tenbrock et al. similarly reported a 10-month dioraof remission; they may have studied
FRNS patients [50]. Alsaran et al. concluded teaaimisole is a good alternative to CP as a

second-line agent for FRNS patients [23]. Abeyaguardena et al. reported a retrospective
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comparative study in which levamisole was prescriag a first steroid-sparing agent for 65
children; disease control was achieved in 30%. Themcluded that levamisole is an
attractive steroid-sparing agent [18]. Boyer etxamined both short- and long-term efficacy
of levamisole (i.e. relapse frequency, cumulatimeual steroid burden, somatic indices) in
10 children with SDNS. They gave levamisole forr@nths, and followed the patients for
three years (from one year prior levamisole treatnte the end of the 12th month after
cessation of the drug). They concluded that levalmigs an effective short- and long-term
steroid sparing agent [51].

We used approximately double the dose that wad uséhe BAPN study, because
they reported a number of relapses after the tre@tnvas stopped. Therefore we decided to
use a higher dose. In our study, no relapse oatumrg3 of the 34 patients (FRNS, SDNS or
SRNS) during levamisole treatment, i.e. 67.6% reein remission, while 10 patients had
one and one had two relapses in 12 months. In thendhth follow-up period after
discontinuation of levamisole, 28 children remainedtotal remission and only 6 had
relapses, i.e. a remission rate of 82.3%. Thereevien relapses among the 15 FRNS
patients, six among the 13 SDNS children, and threeng the 6 SRNS patients. Although
the number of our patients is small, the proporbbrelapse-free patients during levamisole
treatment is 50% or higher in all three groups.sEheesults are better than the previously
reported studies. At the same time one should bereathat this is a retrospective, non-
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 pasiefitis 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 correspoital MCNS) exhibited a better response to
levamisole than those with IgM NP and FSGS (Tablé&sgnetic analysis of the patients was
not available in our centre at the time of the gtud

The cumulative steroid dose was significantly lo@lowing the introduction of
levamisole treatment (i.e. 1468+1766 mg/year). phsitive effect of reducing the steroid
dosage may be secondary to the previously giveylagikg agents. To investigate this, a
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prospective study is necessary either with the ieltion of alkylating agents or with a
separate group of patients treated with alkylataggents only versus alkylating agents
followed by levamisole.

The occurrence of side effects during levamisoatment was rare. We found
reversible neutropenia in five patients, but ncotide effects.

Some studies report, that other drugs may alse havmportant role in the treatment
of the examined population. High-dose mizoribin@][6r MMF [53] also appears to be
useful in maintaining remission and have a stespidring effect in SDNS and SRNS

patients. They might be also successfully usedendSA-dependent FRNS cases [52, 53].

5.2. Discussion of the CP versus CSA study

Our retrospective study documents that the longrteesults of CP treatment in

childhood SDNS and SRNS are at least as effeciihase for CSA.

5.2.1. Clinical course of nephrotic syndrome

In our study, CP treatment duration was 2.5+0.5 ttrgrand the relapse-free period
was 30.05£21.5 months (in 5/22 patiené®>nonths). Eighteen of the 22 patients (82%) had
a relapse-free period of more than a year followiGd therapy without other
immunosuppressive treatment. Altogether, 10/22 ep#di (48%) did not need further
immunosuppressive treatment until the end of tlfth fyear. Of the CP-treated patients,
45.5% were in complete and 36.3% in partial reroissfter the 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 duratios @@+15 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 %ewercomplete and
46.6% in partial remission (altogether 93.2%) a& #md of the 5-year follow-up, and 33%
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(5/15 patients) did not need therapy. Since mamjema relapsed, their treatment was
resumed or changed (see table 9). NeverthelesS, @fients still needed maintenance
immunosuppressant therapy from the beginning timgilend of the 5-year-long follow-up.

At the end of the fifth year, 10/15 patients wemerémission (66.6%) in the CSA
group and 15/22 (66.2%) in the CP group. The dfiee between the relapse-free period and
the relapse rates after the first CP or CSA pewad significant after the 2-year and 5-year
follow-up period, with much rarer relapses follogi@P therapy (p<0.05). When estimating
our results, we found that partial remission is equial complete remission and might finally

not turn out to be beneficial for the patients.

5.2.2. Renal function, proteinuria and hypertension

Compared with the CSA group, a significant decraasereatinine clearance was
seen in patients who were treated with CP firgradteroids, at the end of CP treatment, and
2 years after the CP therapy, but this change eearsible and disappeared after 5 years.
Endogenous creatinine clearance and eGFR also shawegnificant increase in the CSA-
treated group after the 5 years of follow-up. Ie BP-treated group, a significantly higher
proportion of patients had <0.4 g/day proteinufi6/22 patients, 72.7%) than those in CSA
therapy (9/15 patients, 60%) at the end of the &-yeng follow-up. At this time, blood
pressure was significantly lower after CP thandfelhg CSA therapy.

5.2.3._Renal histology

FSGS is an indicator for poor prognosis: 6/10 pasierelapsed, 2/10 patients
developed end-stage renal failure and needed repécement therapy (RRT), and only
1/10 patient was in remission at the end of thé fyjear with FSGS histology. In FSGS, the
likelihood of remission is much lower than in MCM&iich should make a mixture of these
two groups obsolete. The low number of the FSG&pigt in the CP-treated group (3/25)
compared to the 7/15 patients in the CSA group sakeifficult to determine the statistical
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significance of our results. Furthermore, we carbv®isure about the homogeneity of these
two patient groups due to the lack of genetic asislyeviling the exact source of their
symptoms. Although our patients had documentedoistesensitivity at the onset,
controversially the histology and the refractoryise ending in end-stage renal disease in
some patients suggests that some of them mighthel@ resistant or very poor response to
steroids initially.

5.2.4. Adverse events

The types of side-effects during CP and CSA thenapye different. CP therapy
applied for less than 3 months was not associatddmore side-effects than CSA treatment.
Any complications in the two treatment groups pubwe be reversible, though none of our
patients received more than one course of CP thefldpere were no patients who needed
hospitalization related to severe infections dutimgadministration of oral CP or CSA.

The known long-term side-effects of CSA should bkeh into account in the
treatment decision. Its use for more than 1 yearresult in chronic nephrotoxicity in 17-
60% of patients [29] (i.e. CSA-associated artepalby, tubulointerstitial lesions and focal
glomerular lesions [54]). Other side-effects in@uaypertension, gingival hyperplasia, and
hirsutism. Lijima et al. reported that CSA treatmeturation and duration of heavy
proteinuria during CSA treatment were independesktfactors for the development of CSA-
induced tubulointerstitial lesions in children withCNS who had been treated with long-
term moderate-dose CSA [55]. Also, when using @@, ghysician should also take into

consideration the potential risk of infertility,rdéac disease and late cancer [56].

5.2.5. The possible use of cyclophosphamide omospdrine-A for treatment

Although a correct evaluation of the relative efifeeness of CP and CSA has not
been possible because of the lack of a head-to-headiomised trial, studies in which

alkylating agents and CSA have been compared lel/éol the conclusion that a course of
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cytotoxic drug leads to a higher rate of cumulaBustained remission compared with CSA
[57, 58]. Pena et al. achieved high remission rét8s3%) in histologically proven MCNS
and FSGS SRNS patients using MP pulses and alkglagents (CP, Chl) together. They
also concluded that initial steroid resistance @ar prognostic factor compared with late-
onset steroid resistance [59]. Our patients wenegt sensitive at the beginning, which may
explain our better results.

The efficiency of CP and Chl in patients with SDNSRNS, 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 [55, 66-62], FSGS, steroid sensitivity, FRNS or SDNS coun$eNS [63], type of
cytotoxic drug [64], drug dose [56, 65], treatmehiration [66], and concomitant drug
therapy [60].

The reported remission rates after cytotoxic theszry from 0% after 12 months to
about 30% after 5 years [67, 68]. In approximatdo of the patients, however, NS may
relapse during the cytotoxic treatment. The appld#tdose varies from 105 to 588 mg/kg
body weight cumulatively [6971]. Higher dosages are associated with a highanagh of
relapse—free intervals, although the risk of siflee¢s increases. According to the meta-
analysis of cytotoxic treatment in FRNS childrerblghed by Latta et al., the remission
lasted for a maximum of 57 months after the fimirse of cytotoxic therapy, and the overall
relapse-free survival after 4 years is <50%. Onraye, studies on FRNS result in remission
rates of 72% after 2 years and 36% after 5 yeat®srfor SDNS are 40% and 24%,
respectively [33]. Second courses of cytotoxic dpgrare reported to increase the rate of
long-lasting remissions [#Z4]. We gave a CP dose of 112-168 mg/kg cumulativebne
course, and we did not apply a second CP couranyirof the NS patients. Our better results
may partially be explained by the fact that ouligres had SSNS at the start of the disease.

In the study by Cattran et al., 49 SRNS due to Fp&®nts were treated with CSA +
low-dose prednisolone and compared with low-dosémisolone + placebo and followed for
200 weeks. They found 70% of the treatment groug¥%sof the placebo group had a partial
or complete remission by 26 weeks. Relapse occumrd@®% of patients by week 52 and in

60% by week 78, but the remainder stayed in reomsts the end of 200 weeks. There was a
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decrease of 50% in the baseline creatinine clearan@5% of the treated group compared
with 52% of the controls [75].

Ehrich et al. examined 86 children with SRNS dueF®GS and MCNS in a
retrospective, non-randomized study, and they cmed that prolonged and intensified
treatment with combined prednisolone + CSA theramycluding intravenous
methylprednisolone pulses resulted in higher rdtegemission when compared to CSA
monotherapy or other immunosuppressive therapiesailse of a lack dafficacy and the
risk of severe side effects of cytotoxdeugs, including gonadal toxicity, their experience
doesnot indicate that children should be treated fer@t-resistaniICNS with CP [76].

Planck et al. conducted a controlled multicentreltamized open label trial to test the
efficacy and safety of CSA (n=15) versus CP (nFiu¥es in the initial therapy of children
with newly diagnosed primary SRNS and histologicaitoven MCNS, FSGS or mesangial
hypercellularity. At week 12, nine of the 15 (60%pA 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 o185 3%) CSA and one of the 17 (5%)
CP patients (p = n.s.). Partial remission was aehuidy seven of the 15 (46%) CSA and two
of the 15 (11%) CP patients (p<0.05). They condiutthat CSA is more effective than CP in
inducing at least partial remission in SRNS in a@tgh [77]. Our better results can be
explained by the fact that our patients were stiesensitive at the onset of their disease.

Based on the data of the above mentioned trial sbioet al. concluded that although
there was no difference in the number of patiertsiexing complete remission, those
patients receiving CSA treatment were significamtigre likely to achieve partial remission
than those receiving intravenous CP. They alsoestghat CSA rather than intravenous CP
should be used as first line therapy for childretn8RNS [78].

In the Cochrane Review, 26 trials involving 1173ldien were identified. CP and
Chl significantly reduced the relapse risk at 6ri@nths compared with prednisolone alone.
In the single Chl vs. CP trial, no difference itapese risk was observed at 2 years. There was
no difference at one year between intravenous aadGP. CSA was as effective as CP and
Chl, and levamisole was more effective than steraibne, but the effects were not
sustained, once CSA treatment was stopped. Thesenwalifference in the risk for relapse
between MMF and CSA. Mizoribine and azathioprinegeveo more effective than placebo
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or prednisone alone in maintaining remission. Tédewers concluded that 8-week-long

courses of CP or Chl and prolonged courses of G&8Aevamisole reduce the risk of relapse
in children with relapsing SSNS compared with casteroids alone [5]. Meanwhile the

choice of agent depends on the physician and paireferences related to therapy duration
and the type and frequency of complications [5].

Kemper et al. reported that SDNS can recur in ptielespite CSA maintenance
therapy [79], and despite its efficacy, the mayoat patients relapse if CSA is stopped [54,
80-82].

The role of the recently used drugs, such as tawwsl rituximab or the most hopeful
MMF was not examined in this study. Other studegsort that the replacement of CSA with
the other calcineurin inhibitor tacrolimus did nead to better management of severe SDNS
[83, 84].
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6. CONCLUSIONS

There is no uniformed consensus as to the treatwfesteroid—unresponsive NS.
Advances in pathogenesis, genetics and biomarkessrmgate markers might be useful for
the diagnosis and identification of patients witdrsid-unresponsive NS, severity of disease,
progression and response to therapy.

Our findings suggest that

1. levamisole significantly reduces the relapse raig #the cumulative steroid dose in
children with FRNS and SDNS and is also a bendfand safe therapy for SRNS patients.
2. Levamisole may have a place in preventing relapss efter courses of akylating

agents, and it may also have some benefit fordarhent of SRNS patients.

The confirmation of the favourable effects of lewvsole on the reduction of the
frequency of relapses and on sparing steroids ina@equately powered, double-blind,
placebo-controlled, randomized, multicenter clihit@l will promote consensus on the
place of levamisole in the treatment of FRNS indtiood.

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

4. the relapse rate is lower and the relapse-freeogesignificantly longer in the CP-
treated group.

5. An important message of our study is that mosidcdil who have a difficult course
of NS after an initial remission induced by stesoitb well 7-8 years after presentation.

6. A good remission rate can be achieved after 5 yledosving the initial CP and CSA
therapy, and the incidence of side effects is low.

On the other hand, our study is not able to gifiea an answer to the question as to
which is the better treatment in the examined patgopulation due to its retrospective
nature with unequal distribution of FSGS in thefedignt treatment groups. In addition, no
supplementary genetic studies were performed; filvereabout 10% of our patients are
expected to have a genetic origin behind of thgmgoms.

Further research is needed to elucidate the désgrtholecular pathogenesis, identify

new prognostic indicators and to develop better@gghes to treatment.
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