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ABSTRACT

On behalf of the Polish Society for Pediatric Nephrol-
ogy, a group of experts has upgraded the previously
announced recommendations* on the management
of children with nephrotic syndrome. Recommen-
dations are based on the published European and
American guidelines, the results of reliable trials and
meta-analyses, as well as local experience. They
should be regarded as advisory for pediatricians in
their personal experience-driven choice of the opti-
mal available strategy for the diagnostics and treat-

*Authors of the first edition of recommendations:

ment of individual pediatric nephrotic syndrome (NS)
patients. The recommendations will be re-updated by
the Society in the forthcoming years to account for
the continued rapid progress of clinical research and
knowledge in the field of glomerulonephritis.
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PREFACE

The following are the recommendations
regarding the management of nephrotic syn-
drome (NS) in children aged 1 year or older,
i.e. excluding the cases of congenital nephrotic
syndrome.

This update of the first edition of recom-
mendations as published in “Forum Nefrolog-
iczne” in 2015 takes into account the American
guidelines developed by the Kidney Disease:
Improving Global Outcomes (KDIGO) team
[1, 2] published in 2012 and updated in 2020,
the comments to these recommendations, as
voiced by both American [3, 4] and European

pediatric nephrologists, and the available liter-
ature published by the end of the third quarter
of 2020 [5, 6]. The guidelines were developed
on the basis of meta-analyses and highly reli-
able clinical studies. Individual recommenda-
tions were updated by the authors; all recom-
mendations were discussed and consulted in
detail by the expert group until the content
of the recommendation has been accepted by
all members.

Recommendations are provided with in-
dications on the quality of evidence (grades A,
B, C, and D — Table 1) and recommendation
strength (levels 1, 2, or uncategorized — Ta-
ble 2).



INTRODUCTION

The nephrotic system develops as a result
of proteins, particularly albumin. Nephrotic
syndrome develops as a result of loss of pro-
tein, particularly albumin, in the urine, in
quantities exceeding the systemic compensa-
tion capabilities. Increased proteinuria is due
to the increased permeability of the glomeru-
lar filter membrane secondary to various path-
ological factors or microstructural defects.

The diagnostic criteria of NS are as fol-
lows:

* Urinary protein loss (determined in the
first-morning urine or 24-hour urine collec-
tion): urine protein to creatinine ratio (uPCR)
of > 2 mg protein/1 mg creatinine (> 200 mg
protein/1 mmol creatinine) or dipstick protein
test result of > 3+; alternatively, proteinuria
of > 50 mg/kg/d in 24-hour urine collection;

e serum albumin reduced to <3.0 g/dL or edema
when serum albumin cannot be determined.

The listed disorders may be accompanied
by hyperlipidemia.

Urinary protein loss as described above
without concurrent reduction in the serum albu-
min level is referred to as nephrotic proteinuria.

NEPHROTIC SYNDROME CLASSIFICATION

Primary NS — isolated NS symptoms,
no symptoms from other organ systems. This
includes idiopathic nephrotic syndrome (INS)
and other primary glomerulonephritis involving
large protein losses (as described above).

Table 1. The basis for recommendation grading

Grade Quality of evidence

A Randomized clinical trials

B Non-randomized clinical trials
C Case series

D Expert’s opinion

Secondary NS — accounts for 5% of NS
cases in children (0-12 years).

In this case, NS may be caused by:

e gystemic vasculitis/autoimmune diseases;

* congenital microstructural glomerular mal-
formations not related to structural podo-
cyte abnormalities (e.g. Alport’s syndrome);

¢ infections;

* specific medicines;

¢ diabetes;

* hemopoietic system neoplasms (leukemia,
lymphoma).

Congenital and infantile NS occurs in
children aged 0-3 months and 4-12 months,
respectively.

In pediatric patients, INS is the most com-
mon etiology of nephrotic syndrome. Histo-
pathological background of INS may include
minimal change disease (MCD, submicrosco-
pic nephropathy), mesangial proliferative glo-
merulonephritis (MPGN), or focal segmental
glomerulosclerosis (FSGS). In most children,
INS develops from MCD.

EPIDEMIOLOGY OF NEPHROTIC SYNDROME

Idiopathic nephrotic syndrome ac-
counts for 90% of NS cases in children aged
1-10 years and 50% of NS cases in children
above 10 years of age. The incidence is esti-
mated at 2-7 new cases per 100000 children
under 15 years of age, and the prevalence (in-
cluding recurrence) amounts to 16 cases per
100000 children [7, 8].

TREATMENT RESPONSE

In 80% of children with NS, disease re-
mission can be achieved following corticoste-
roid therapy (steroid-dependent NS). About
20% of children are suffering from steroid-re-
sistant NS.

Table 3 presents the classification of NS
according to the corticosteroid treatment re-
sponse.

Table 2. Key for interpretation of recommendation levels for different audiences (acc. to [1])

“is recommended” | mented in most patients.

Recommendation | Implications
level for physicians for managers
Level 1 The recommended procedure should be imple- | The recommendation may be considered for the

development of a reference standard or qual-
ity indicator.

Level 2

“is suggested” ent patients.

Different options may be appropriate for differ-

The development of a management standard
based on such a suggestion would require
numerous opinions being taken into account.

Uncategorized

mendations.

Recommendations based on informal observation rather than scientific data. These are formulated as
simple statements; their strength should not be considered higher than that of level 1 and 2 recom-
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Table 3. Classification and definitions of NS depending on the corticosteroid treatment response.

Definition

Description

Steroid-sensitive nephrotic
syndrome

Proteinuria resolving within 4 weeks after initiation of treatment with corticosteroids at
standard doses.

Steroid-dependent nephrotic
syndrome

Proteinuria recurring during prednisone therapy (regardless of dose) or within less than
15 days after discontinuation.

Infrequently relapsing
nephrotic syndrome

One relapse within 6 months of completion of preliminary treatment or 1-3 relapses
within every 12 months.

Frequently relapsing nephrotic
syndrome

Two or more relapses within 6 months of completion of preliminary treatment, or 4 or
more relapses within every 12 months.

Primary steroid resistance

Absence of complete remission after 4 weeks of first-line corticosteroid treatment of NS.

Late response

Complete remission achieved after 6 weeks of first-line corticosteroid treatment of NS.

Secondary steroid resistance

No response to corticosteroid treatment in previously steroid-sensitive or steroid-depen-
dent NS.

Complete remission of
nephrotic syndrome

UPCR of < 0.2 mg protein/1 mg creatinine (< 20 mg protein/1 mmol creatinine) in the
first morning urine or 24-hour urine collection or the result of < 1+ in the dipstick test
on 3 consecutive days.

Partial remission of nephrotic
syndrome

uPCR of > 0.2 mg protein/1 mg creatinine (< 20 mg protein/1 mmol creatinine)
but < 2 mg protein/1 mg creatinine (< 200 mg protein/1 mmol creatinine) in the first
morning urine or 24-hour urine collection and serum albumin level of > 3 g/dL

Nephrotic syndrome relapse

Nephrotic proteinuria persisting for > 3 days; protein dipstick test results of > 3+ for
3 days and > 1+ for 7 days.

Calcineurin inhibitor-sensitive
nephrotic syndrome

Partial remission after 6 months or complete remission after 12 months of treatment with
calcineurin inhibitors.

Calcineurin inhibitor-resistant
nephrotic syndrome

No partial remission after 6 months of treatment with calcineurin inhibitors at adequate
doses and drug level monitoring.

Multi-drug pharmacotherapy-
-resistant nephrotic syndrome

No complete remission after 12 months of treatment with two medications with different
treatment targets.

Proteinuria results as determined by the .

NS with persistent glomerular filtration im-

dipstick test: pairment;
Negative: 0-15 mg/dL . su§pected syst.emlc .dlsease;
* primary steroid resistance.
Trace: 15-30 mg/dL

1+: 30-100 mg/dL DURING THE TREATMENT OF NS

24 100-300 mg/dL OR FOLLOWING NS RELAPSE, A RENAL

14 300-1000 mg/dL. BIOPSY CAN BE I?EBFORMI?D T0:
* assess the activity of lesions and/or progres-

4+: > 1000 mg/dL sion of glomerular sclerosis and stromal fi-

The prognosis for children with the first

brosis before stepping up or discontinuing

episode of NS depends on the initial response
to empirical steroid therapy and the incidence
of relapses within the first year of the disease.
Therefore, there is no need to perform a renal
biopsy during the first episode of NS; biopsy
should be performed only in cases of atypical
clinical manifestations, as well as in all cases of
confirmed steroid-resistant disease.

INDICATIONS FOR RENAL BIOPSY

IN A CHILD WITH THE FIRST NS EPISODE:

» first NS episode above the age of 12 years;

* NS concomitant to nephritic syndrome
(hematuria and/or hypertension and/or hy-
pocomplementemia);

Renal Disease and Transplantation Forum 2022, vol. 15, no. 1

immunosuppressive treatment;

* determine the cause of secondary ste-
roid resistance;

* assess the nephrotoxicity of the calcineurin
inhibitors used.

In recent years, it was found that ste-
roid-resistant NS may be caused by mutations
of genes coding for correct development, struc-
ture, and function of podocytes. NS of genetic
origin is observed not only in children in the
first months of life (congenital NS) but also in
older children and adults. To date, more than
40 mutations responsible for the development
of steroid-resistant NS have been identified. In
children, immediate genetic testing is required



Table 4. Genes associated with steroid-dependent nephrotic syndrome (modified after [10])

Gene :)r:::;tnance OMIM No Protein subject to mutational damage

Actin cytoskeleton

ACTN4 AD *604638 a-Actinin-4

INF2 AD *610982 Inverted formin-2

MYO1E AR *601479 Non-muscular myosin 1e

ANLN AD *616027 Actin-binding protein — anillin

ARHGAP24 AD *610586 pGTPase activating protein 24

ARHGDIA AR *601925 pGDP dissociation inhibitor o

PTPRO AR *600579 Protein tyrosine phosphatase receptor type O
EMP2 AR *602334 Epithelial membrane protein 2

KANK1 AR *607704 Kidney motif ankyrin repeat-containing protein 1
KANK2 AR *614610 Kidney motif ankyrin repeat-containing protein 2
KANK4 AR *614612 Kidney motif ankyrin repeat-containing protein 4
Transcription factors and nuclear proteins

wrt AD *607102 Wilms tumor protein 1

LMX1B AD *602575 LIM homeobox transcription factor 18
SMARCAL1 AR *606622 SMARCA-like protein

XP05 AR *607845 Exportin 5

NUP93 AR *614351 Nucleoporin 93

NUP107 AR *607617 Nucleoporin 107

NUP205 AR *616893 Nucleoporin 205

Cleft membrane-related proteins

CD2AP AD *604241 CD2-associated protein

NPHS1 AR *602716 Nephrin

NPHS2 AR *604766 Podocin

TRPC6 AD *603652 Transient receptor potential cation channel, subfamily C, member 6
CRB2 AR *609720 Crumbs homolog 2

FAT1 AR *600976 FAT tumor suppressor homolog 1

Glomerular basal membrane and adhesion proteins

COL4A3 AD/AR *120070 Collagen a.3(IV) chain.

COL4A4 AD/AR *120131 Collagen ai4(1V) chain.

ITGA3 AR *605025 Integrin a3

ITGB4 AD *147557 Integrin B4

LAMB2 AR *150325 Laminin 32

Mitochondrial proteins

coQz AR *609825 Coenzyme Q2

€0Q6 AR *614647 Coenzyme Q6

ADCK4 AR *615567 aarF Domain-containing kinase 4

PDSS2 AR *610564 Decaprenyl diphosphate synthase subunit 2
Metabolism and cytosolic proteins

TTC21B AR *612014 Tetratricopeptide repeat protein 21B

DGKE AR *601440 Diacylglycerol kinase &

ALGT AR *605907 Asparagine-linked glycosylation protein 1
CFH AR *134370 Complement factor H

Other

MEFV AD/AR *608107 Pyrin

NEILT AR *608844 Endonuclease Vll-like 1

PLCE1 AR *608414 Phospholipase C &

WDR73 AR *616144 WD repeat domain 73

AD — autosomal dominant; AR — autosomal recessive
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in cases of confirmed steroid-resistant disease.
In Europe, the most common mutations in-
clude the mutations of podocin (NPHS2 gene
mutation), WT1 transcription factor, and
nephrin (NPHSI gene mutation).

In the case of the absence of the most com-
mon mutations, the search should be extended
to include further genes. The next-generation
sequencing (NGS) method, available in Poland
for many years, facilitates simultaneous exami-
nation of many of the over 40 genetic muta-
tions currently known to be associated with
steroid-resistant NS, as shown in Table 4 [9, 10].

In the PodoNet registry study carried
out in Poland and in Europe in children with
steroid-resistant SN, the genetic background
of NS was confirmed in 23% of patients. This
percentage was the highest at the age of 1 year
(66%), and it further decreased with age until
reaching a steady level of around 15-16% in
school-age children and adolescents [11].
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FIRST-LINE TREATMENT OF NEPHROTIC
SYNDROME

RECOMMENDATION 1:

Prednisone at 60 mg/m?%d or 2 mg/kg/d (max. 60 mg/d)
for 4 weeks is recommended as the first-line treatment of
nephrotic syndrome [1A].

1.1. If no remission of nephrotic syndrome is achieved
within 14 days from treatment initiation, it is sug-
gested that the treatment at 60 mg/m?/d or 2 mg/kg/d
(max. 60 mg/d) be extended to 6 weeks [2D].

1.2. The following regimen is recommended for dose re-
duction of prednisone [1B]:

— prednisone 40 mg/m%48 h or 1.5 mg/kg/48 h for
4 weeks;

— further gradual reduction of the prednisone dose
over the next 4 weeks until complete withdrawal:

» week 1 — 30 mg/m%/48 h,

» week 2 — 20 mg/m?/48 h,

» week 3 — 10 mg/m%/48 h,

 week 4 — 5 mg/m#/48 h [2D].
(total treatment duration: 12 weeks) [1A].

1.3. Extension of initial corticosteroid treatment to 16—
24 weeks may be considered in younger children
(under 4-6 years of age), especially in those who
achieve late remissions (after 7-10 days) [1B].

1.4. A single dose of prednisone administered in the
morning is the recommended dosage regimen [1A].

1.5. Itis recommended that the prednisone dose be deter-
mined as per the body area [2B]

COMMENTARY

In the 1970s, the members of the Inter-
national Study of Kidney Disease in Children
(ISKDC) group declared prednisone at the
dose of 60 mg/m?d, followed by 40 mg/m?48 h
to be the standard regimen for the treatment
of the first episode of idiopathic NS in chil-
dren [1]. No studies evaluating the efficacy of
other, lower doses of prednisone, are avail-
able. Prednisone is commonly dosed based on
body area or body weight, i.e. 60 mg/m?d and
40 mg/m?/48 h or 2 mg/kg/d and 1.5 mg/kg/48 h,
respectively. As demonstrated by Feber et al.,
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doses calculated with respect to body weight
are lower than those calculated with respect
to body area in children weighing below 30 kg
[2]. Saadeh et al. observed a higher rate of re-
lapses within the follow-up period of 6 months
in a group treated with prednisone at the dose
calculated with respect to body weight [3]. On
this basis, we suggest that the dose of predni-
sone to be used in the first-line treatment of
NS be calculated with respect to body area.
As shown by Ekka et al., a single daily
dose of prednisolone as compared to a split
dosing regimen is equally effective in the treat-
ment of relapsing NS while improving compli-
ance and potentially reducing adrenal cortex
suppression [4]. As recommended by ISKDC,
the treatment of the first NS episode should
last a total of 8 weeks, including 60 mg/m?d
for 4 weeks and 40 mg/m?* 3 days a week for
the following 4 weeks. This regimen has been
modified in different ways including longer
treatment times and higher total corticosteroid
doses. As shown by a meta-analysis published
in the Cochrane Database in 2007, extending
the treatment time from 2 to at least 3 months
reduced the risk of disease recurrence within
a period of up to 2 years after the comple-
tion of the initial treatment by about 30%
without increasing the risk of serious adverse
effects. An inverse linear relationship was ob-
served between the duration of treatment and
the risk of recurrence. The analysis showed
that the treatment of the first episode of NS
should last at least 3 months (12 weeks), with
the possibility of further reducing the risk of
recurrence by extending the treatment dura-
tion to 7 months (6 months of Q2D dosing) [5—
10]. These findings served as the basis for the
2012 KDIGO recommendations [11], as well
as for the previous edition of the Polish Society
for Pediatric Nephrology recommendations
[12]. Subsequent randomized studies [13-15]
failed to confirm any benefits of steroid ther-
apy being extended beyond 2-3 months. After
these studies were included in the next analysis
published by the Cochrane Database in 2015,
it was concluded that steroid therapy extended
to 6 months does not reduce the risk of recur-
rence as compared to treatment lasting for
2 to 3 months in children aged 1 to 17 years
at the time of disease diagnosis [16, 17]. The
French recommendations limited the dura-
tion of initial treatment to 4.5 months [18].
In the 2017 recommendations of the Italian
Society for Pediatric Nephrology, the recom-
mended treatment period for the first episode

of ZN is 3 months (prednisone at 60 mg/m?/d
for 6 weeks followed by 40 mg/m?48 h for
6 weeks) [19]. The results of the PREDNOS
study and the latest 2020 KDIGO guidelines
also suggest the need to shorten the duration
of initial treatment of NS to 8-12 weeks [20,
21]. No effect of initial treatment extension for
NS was confirmed in the Cochrane Systematic
Review published in 2020 [22]. Regarding the
most recent publications, the recommendation
regarding the duration of treatment of the first
episode of NS in our guidelines has been mod-
ified, with the recommended necessary dura-
tion being reduced to 3 months (12 weeks).

Regardless of the immunosuppressive
treatment status, attempts should always be
made to eliminate infective outbreaks in chil-
dren with NS. Children should undergo dental
and laryngological checkups, and any detected
infections should be treated.
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TREATMENT OF INFREQUENT RELAPSES OF
STEROID-SENSITIVE NEPHROTIC SYNDROME

RECOMMENDATION 2:

Prednisone at the dose of 60 mg/m%d or 2 mg/kg/d (max-
imum of 60 mg/d) is recommended for a period not short-
er than required to achieve remission lasting for 3 days
(3 consecutive negative urine protein test results) [1B].

2.1. The following regimen is recommended for dose
reduction of prednisone:
— prednisone 40 mg/m?/48 h or 1.5 mg/kg/48 h
for 4 weeks [1B];

— further gradual reduction of the prednisone dose
over the next 4 weeks until complete withdrawal:

* week 1 —30 mg/m?/48 h,
* week 2 — 20 mg/m?/48 h,
* week 3 — 10 mg/m%/48 h,
* week 4 — 5 mg/m%/48 h [2D].

2.2. Inthe case of infection developing in the child
receiving prednisone administered every second day
to reduce the risk of disease relapse, it is recom-
mended that the current prednisone dose be admin-

istered daily or a dose of 0.5 mg/kg be administered
throughout the infection period [1B].

COMMENTARY

The proposed treatment of the first and
infrequent rare relapses of nephrotic syn-
drome is based on the ISKDC recommenda-
tions and the 2020 KDIGO recommenda-
tions. Only a few studies comparing different
steroid therapy regimens in the treatment of
NS relapses are available in the literature. One
of them showed that the efficacy of the ISK-
DC-recommended regimen (prednisone at
60 mg/m?/d until 3 consecutive negative urine
protein test results followed by prednisone at
40 mg/m?/48 h for 4 weeks) was comparable to
that of daily full-dose prednisone treatment
extended to 4 weeks [1, 2]. In another study,
better treatment efficacy was demonstrated
for prednisone administered every other day
as compared to interrupted therapy (daily
doses of prednisone for 3 consecutive days
aweek) [3].

Respiratory tract infections often pre-
cede the relapses of nephrotic syndrome [4].
As demonstrated in several studies, increasing
the Q2D prednisone dosing to QD dosing for
a period of 5-7 days reduces the risk of NS re-
lapse [5-7]. In 2014, a randomized PREDNOS
2 study was launched to confirm this observa-
tion [8].
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TREATMENT OF STEROID-DEPENDENT
AND FREQUENTLY RELAPSING
NEPHROTIC SYNDROME

RECOMMENDATION 3:

In the treatment of steroid-dependent and frequently re-
lapsing nephrotic syndrome, prednisone at the dose
of 60 mg/m%d or 2 mg/kg/d (maximum of 60 mg/d) is
recommended for a period not shorter than required to
achieve remission lasting for 3 days [1B].
The following regimen is recommended for dose reduc-
tion of prednisone:
— prednisone 40 mg/m?%48 h or 1.5 mg/kg/48 h for at
least 4 weeks [2B];
— further gradual reduction of prednisone dose over
4 weeks:
» week 1 — 30 mg/m?/48 h,
» week 2 — 20 mg/m%/48 h,
e week 3 — 10 mg/m%48 h,
* week 4 — 5 mg/m?/48 h [2D].
Steroid monotherapy is suggested unless adverse effects
of the treatment are observed [2D].

In cases of relapses with severe clinical presentation, treat-
ment may be initiated with 36 intravenous pulses of meth-
ylprednisolone at a dose of 10-15 mg/kg per 24 or 48 hours
(1.0 ¢/1.73 m2 body area and < 1.0 g/dose) [2D].

In the event of infection developing in the child receiving
prednisone administered every second day to reduce the
risk of disease relapse or a child not receiving steroid
therapy, it is recommended that the current prednisone
dose be administered daily, or a dose of 0.5 mg/kg be
administered throughout the infection period [1B].

COMMENTARY

Recommendations on the dose levels and
durations of corticosteroid treatment in re-
lapsing and steroid-dependent NS are aimed
at achieving the desired effect with a minimum
effective dose.

Failure to achieve the desired effect as
manifested by persisting or increased frequen-
cy of relapses is an indication for the treatment
being expanded to include other drugs (see
further recommendations).

Several studies are available confirm-
ing the suggestion that increasing the dose of
corticosteroids during respiratory infection to
daily dosing or including corticosteroids for
the period of infection in children with recur-
rent NS in remission and off therapy reduces
the risk of disease recurrence [1-6].
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TREATMENT OF STEROID-DEPENDENT
AND FREQUENTLY RELAPSING NEPHROTIC
SYNDROME USING MEDICATIONS OTHER
THAN CORTICOSTEROIDS

RECOMMENDATION 4:

The use of corticosteroid-sparing medication is recom-
mended in all children in all pediatric patients with ste-
roid-dependent nephrotic syndrome, as well as in pediatric
patients with frequent relapses of nephrotic syndrome who
had experienced adverse effects of their previous treatment.

4.1. It is recommended to start corticosteroid-sparing
medication after achieving remission of the nephrotic
syndrome with corticosteroids.

4.2. Inclusion of cyclophosphamide* is recommended
in children with steroid-dependent and frequently re-
lapsing nephrotic syndrome [1B].

Recommended dose: 2 mg/kg/d for 8—12 weeks (maxi-
mum cumulative dose: 168 mg/kg).

4.3. Levamizole* may be used in frequent relapses of
nephrotic syndrome and steroid-dependent nephrotic
syndrome.

Recommended dose: 2.5 mg/kg every 48 h for 12 months
[2B].

4.4. Mycophenolate mofetil (MMF)* is recommended in
children with frequently relapsing and steroid-depen-
dent nephrotic syndrome [1C].

— Recommended dose: MMF 1200 mg/m%d in 2 di-
vided doses.

— Serum levels of mycophenolic acid (MPA) — the ac-
tive metabolite of MMF — and/or the area under the
curve (AUC) of MPA concentration# should be moni-
tored in individual cases of MMF treatment failure or
adverse reactions [2C].

4.5. Calcineurin inhibitors may be used to treat frequent
relapses of steroid-dependent nephrotic syndrome.

Recommended dose:

— cyclosporin A (CsA) — 4 to 6 mg/kg/d in two divided
doses under blood level control [1A];

— tacrolimus (TAC) — 0.1 mg/kg/d in two divided dos-
es [2D] under blood level control [2C].

4.6. Rituximab (RTX)* is reserved for cases of previous
treatment failure and/or extensive adverse effects as
well as for clinical trials [2C]. Trimethoprim-sulfa-
methoxazole should be administered prophylactically

to prevent lung infection with Pneumocystis jiroveci.

#~Area under the drug concentration curve as determined by several mea-
surements at different time points — a pharmacokinetic parameter calcu-
lated from the appropriate formula

COMMENTARY

In children receiving chronic corticoste-
roid treatment for steroid-dependent NS or
frequently relapsing NS, other treatments are
being sought to reduce the dose of corticoste-
roids or to ensure an alternative way to main-
tain remission. The most common adverse
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effects of corticosteroids justifying the initia-

tion of alternative therapy include growth dis-

orders, steroid-induced cataracts, changes in
bone calcification, obesity and steroid-induced
diabetes, hypertension, behavioral changes, ex-

acerbated acne, or extensive stretch marks [1].

The alternative medication should be
chosen on a case-by-case basis, the decision
depending on [1-3]:

— the patient’s age (the importance of gonad-
al toxicity of cyclophosphamide [CYC]);

— concomitant diseases (epilepsy and its
chronic pharmacotherapy are relative
contraindications for CsA and TAC treat-
ment);

— the ability to monitor drug levels (CSA
and TAC levels should be monitored in all
patients while MPA levels should be moni-
tored on a case-by-case basis; CYC metab-
olites are not routinely monitored).

In rare (genetically conditioned) cases of
rapid metabolism of calcineurin inhibitors oc-
curring along the cytochrome P450 pathway,
three daily doses may be required.

Intolerance and/or adverse effects of
a particular drug are an indication for a treat-
ment switch. Remission achieved using cor-
ticosteroids may be maintained by switching
CsA to MMF and vice versa. In rare cases of
the inefficacy of CsA or MMF in maintaining
the remission, a combination of both medi-
cines can be attempted, but experience in this
field has, so far, been limited.

Levamisole (not available in Poland,
off-label use), facilitates reduction in concomi-
tant corticosteroids and, in some children, com-
plete withdrawal of corticosteroids (over the
administration period of 6 to 12 months) [1].

With regard to the alkylating drugs, CYC
has a wider therapeutic window (range be-
tween efficacy and toxicity) than chlorambu-
cil and is, therefore, used more frequently. It
can be given orally or in monthly IV pulses in
children in whom concerns regarding compli-
ance have been raised. The total dose of CYC
per treatment should not exceed 168 mg/kg,
and, therefore, the treatment should be used
only once due to the risk of infertility after
the cumulative dose threshold is exceeded.
Alkylating drugs are the only drugs that not
only maintain NS remission but may also con-
tribute to reducing rates of future relapses af-
ter being discontinued following 3 months of
treatment [4-6].

MMF is an alternative medication to
maintain remission in children with steroid-de-



pendent NS or frequently relapsing NS. It is
used to avoid the adverse effects of both ste-
roids and calcineurin inhibitors [7-9]. Since
hypoalbuminemia and hypertriglyceridemia
significantly alter MPA levels in the blood, it
is recommended that in selected difficult cases
(of treatment inefficacy or specific toxicity),
a pharmacokinetic profile assessment is per-
formed in addition to the assessment of point
MPA concentration before the dose (C)). The
purpose is to assess the AUC and to adjust
the dosage so that the AUC of MPA exceeds
45 mg/h/L, were formulated [10, 11].

One should keep in mind that although
drugs such as CSA, MMF, and levamisole ef-
fectively maintain the remission of NS while
the treatment is being continued, the disease
recurs in about one-half of patients following
treatment discontinuation. In some children,
combination treatment with calcineurin in-
hibitors and MMF is required to successfully
maintain remission.

Calcineurin inhibitors replace cortico-
steroids in the maintenance of NS remission,
relieving the patient from the troublesome
adverse effects of the latter, as complete dis-
continuation or significant reduction in cor-
ticosteroid dose is possible at least in some
cases. However, calcineurin inhibitors cause
a number of specific side effects, and should,
therefore, be used at the lowest effective dose
level. Safe use of CsA requires regular moni-
toring of its blood levels [1, 2].

Prolonged administration of CsA may re-
sult in chronic nephrotoxicity, its initial symp-
toms (observed in consecutive studies) consist-
ing of increased serum levels of uric acid and
progressive reduction in glomerular filtration
rate. In selected cases and when planning for
further use, a kidney biopsy is indicated. In
cases of lesions within small intrarenal vessels
and interstitial fibrosis and tubular atrophy
(IF/TA), continued therapy is contraindicated.

Cosmetic (gingival hyperplasia, excessive
hair growth) and metabolic (hyperuricemia)
changes, concomitant with CsA administra-
tion, are observed less frequently for chronic
TAC use.

RTX is increasingly used in children with
steroid-dependent NS or frequently relaps-
ing NS. As in the case of several other afore-
mentioned corticosteroid-saving medications,
RTX is used off-label for this indication®.
Studies conducted to date lead to the conclu-
sion that the treatment is very effective and
well-tolerated, rarely causing any adverse ef-

fects (opportunistic infections in the course of
lymphopenia, hypogammaglobulinemia) and
giving hope for a much better quality of life for
patients with steroid-dependent NS/frequent-
ly relapsing NS. The position of RTX in the
treatment regimens in this group of patients
has still not been established, and its optimum
dosage is the subject of numerous ongoing
clinical trials. Therefore, the use of RTX is
usually reserved for complicated cases of chil-
dren experiencing excessive adverse effects of
corticosteroids or other immunosuppressive
drugs, as well as for clinical trials [12-18].

Note: *Despite many years of experience
in off-label use in children, NS treatment is
not listed among the licensed indications for
CYC, MMF, TAC, levamisole, or RTX in the
respective Summaries of Product Character-
istics (SmPCs). Therefore, the administration
of these medications should be preceded by
obtaining informed consent from the patient’s
legal guardians. In Poland, no reimbursements
are available for CYC, levamisole, or RTX
treatments.

Immunosuppressive agents, other than
those listed (azathioprine, mizoribine), are not
recommended in children with frequently re-
lapsing or steroid-dependent NS. No efficacy
could be demonstrated for azathioprine while
mizoribine is used only in Japan.
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TREATMENT OF STEROID-RESISTANT
RENAL SYNDROME

RECOMMENDATION 5:

5.1.

In the case of steroid-resistant nephrotic syndrome,
initiation of proteinuria-lowering treatment angioten-
sin convertase inhibitors (ACEi) and/or angiotensin
receptor blockers (ARB)] is recommended [1B].

5.2.

Renal biopsy [1A] is recommended in every case of
pediatric steroid-resistant nephrotic syndrome.

5.3.

Available genetic studies are recommended in all children
with steroid resistant nephrotic syndrome [1A]. Genetic
studies are strongly indicated in children aged 1-3 years
and in cases of primary steroid resistance [1B].

5.4.

CsA is recommended as the drug of first choice in
children with steroid resistant idiopathic nephrotic
syndrome diagnosed of minimal change disease,
mesangial glomerulonephritis, or focal/segmental
glomerulonephritis [1A].

During CsA treatment, corticosteroids may be continued
in small doses (0.5 mg/kg/48 h) or discontinued com-
pletely in children with probable immunological etiology
of nephrotic syndrome [2C]. Failure to obtain partial re-
mission after 6 months of CsA treatment classifies the
disease as CsA-resistant [2B].

5.5.

After remission is achieved as a result of CsA treat-
ment, the treatment should be continued for at least
12 months [2B]. If sustained remission is obtained
as a result of CsA treatment, calcineurin inhibitor may
be replaced over time with MMF as another remis-
sion-maintaining agent [2C].

5.6.

In specific cases, combined treatment with calcineu-
rin inhibitors and MMF may be used to obtain and
maintain remission [2C].

5.7.

Rituximab may be attempted in cases of secondary
steroid resistance and minimal change disease ob-
served in renal biopsy [2C].

Recurrence frequency

Rare

Prednisone
60 mg/m?/d or
2 mg/kg/d until full
remission + 3 days

[1B]

Then, 40 mg/m?
or 1.5 mg/kg
every 48 h for
4 weeks [2B]

+ 4 weeks of
medication withdrawal

recurrence regimen

Adverse effects of

Frequent Steroid dependence
Corticosteroid CYC 2 mg/kg/d
treatment* — 3 months
As per the rare or

MMF 1.2 /m?/d [1B]
CSA 4-6 mg/kg/d [1A]
0 80-100 ng/mL

steroid therapy or
TAC 0,1 mg/kg/d
CYC [1A] or CSA [1A] Attempt at steroids
MMF [1A] withdrawal
Levamisole [ 2C] after 2-3 months
RTX [2C] RTX

Figure 1. Management of steroid-dependent and recurrent nephrotic syndrome (strategy of treat-

ment)

*Steroid therapy can be used for subsequent relapses unless adverse effects occur
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COMMENTARY

Before initiation of new treatment for
steroid-resistant SN, a renal biopsy should be
performed and analyzed as therapeutic man-
agement may vary depending on the morpho-
logical diagnosis (Fig. 1, 2).

Genetic screening for mutations encod-
ing podocyte-related proteins should be an
additional element of diagnostic procedures
aimed at the determination of causes of pri-
mary steroid resistance. The younger the child
(particularly at the age of less than 1 year), the
more likely it is that the steroid resistance is
due to genetic defects [1, 2]. The most common
mutations diagnosed at the age of more than
3 months include those in the podocin-encoding
gene (NPHS2) and the WTI gene. In Poland,
mutational screening of these genes is avail-
able and reimbursed from the National Health
Fund (Department of Biology and Genetics,
Medical University of Gdansk) and should be
performed after steroid-resistant NS is diag-
nosed in the patient. If nephrin and W71 gene
mutations are ruled out, the scope of genetic
screening should be extended to include NGS
in search for less frequent mutations. Confir-
mation of the genetic origin of the disease is
a contraindication for intensified and extended
treatment with corticosteroids and immuno-
suppressants other than CsA. Attempts may be
made on case-by-case basis regarding empirical
use of CsA at doses of 2 to 3 mg/kg, along with
an ACEi and/or ARB in the hope of achieving
their proteinuria-lowering effect [3, 4].

One should remember that irrespective of
the attempts to take advantage of the non-spe-
cific effects of CsA action on the glomeruli
and the possibility of partial remission (reduc-
tion of protein losses) being achieved there-
from, the prognosis regarding renal function
in patients with genetically determined NS is
significantly worse than that in children with
sporadic steroid-resistant disease. If a renal
biopsy is performed, the presence of diffuse
mesangial glomerulosclerosis is the histologi-
cal marker with the greatest negative impact
on prognosis [5].

When suspecting immunological origin
of steroid-dependent idiopathic NS, treatment
may be initiated with 6-12 intravenous pulses
of methylprednisolone at a dose of 10-15 mg/kg
per 24 or 48 hours (< 1.0 g/1.73 m? body area
and < 1.0 g/dose) [6].

Cyclosporin should be used in the treat-
ment of steroid-resistant NS for at least

No remissions after 6-8 weeks of steroid therapy
(including three IV doses of methylprednisolone)

Renal biopsy Screening for gene mutations
Minimal change disease LAMB2, WT1, C2AP TRPC6
Mesangial proliferative |
glomerulonephritis \ ‘

FSGS Confirmation of NPHS2, WT1,
or other gene mutations (Table 4).
Symptomatic treatment
Empirical attempts at the use
of ACEi, ARB, CsA [2B]
to reduce protein loss

No mutation confirmed —
further genetic diagnostics
CSA 4-6 mg/kg/d [1A]

+

possible combination
treatment

Figure 2. Management of steroid-resistant nephrotic syndrome (strategy of treatment)

6 months. If partial remission is achieved in
this period, the treatment should be extend-
ed to > 12 months. No difference in efficacy
was demonstrated between CsA and TAC
in the treatment of steroid-resistant NS. If
sustained remission is obtained as a result of
CsA treatment, calcineurin inhibitor may over
time be replaced with MMF as another remis-
sion-maintaining agent. Such conversion may
improve the glomerular filtration as previously
reduced in the course of CsA therapy [3, 7-10].

When CsA is administered in cases
without documented genetic background,
the lowest effective dose of corticosteroids
(0,5 mg/kg/48 h) may be used as additional
treatment or corticosteroids may be complete-
ly discontinued [5].

In cases of specific cosmetic complica-
tions related to CsA use (gingival hyperpla-
sia or excessive hair growth), the drug can be
switched to TAC [6].

No reliable clinical data are available to
support the efficacy of repeated plasmapher-
esis in steroid-resistant idiopathic NS in chil-
dren despite the availability of data on the ef-
ficacy of such treatment (when combined with
immunosuppressants, including RTX) in epi-
sodes of NS relapse following a kidney trans-
plant.

The efficacy of RTX (as the primary
treatment) in steroid-resistant NS has not
been explicitly confirmed (Tab. 5) [11].
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Table 5. Rules for the use of individual medications [12-19]

Medication Rules for use

Intravenous pulses at 10 to 15 mg/kg per 24 or 48 hours (< 1 g/1.73 m? body area and < 1 g/dose);
4-hour infusion

Corticosteroid dose equivalents:

e prednisone — 1.0 mg

e prednisolone — 1.0 mg.

» methylprednisolone — 0.8 mg

e deflazacort — 1.15 mg.

¢ dexamethasone — 0.15 mg.

Methylprednisolone
(MP)**

Cyclosporin A Initial dose of 4 to 6 mg/kg/24 h in two divided doses (in younger children, three doses are some-
(CSA)* times used due to rapid metabolism); chronic treatment with the lowest effective dose under to
blood level control — G, prior to the next dose usually in the range of 60 to 100 ng/mL; in the
event of no efficacy, the dose may be increased and the C, maintained at 120-150 ng/mL, with
a simultaneous gradual reduction in prednisolone dose to 0.5 mg/kg/48 h; if remission is achieved,
the treatment is to be continued for at least 12 months; if no remission is achieved after 6 months,
consider treatment change.

Cyclophosphamide
(CYC)**

Initial dose of 2 mg/kg/24 h so as not to exceed the cumulative dose of 168 mg/kg per 3-month
treatment; simultaneous prednisone at 0.5 mg/kg/48 h; monthly monitoring of blood counts includ-
ing platelets and transaminase levels; adequate supply of fluids.

Tablets are indivisible and should not be crushed. Do not repeat the full treatment course (after the
accumulated dose is exhausted) [2C].

Intravenous CYC therapy (6 x 0.5-0.75 g/m? every month) can be used if oral drug is not tolerated
or non-compliance is suspected.

Mycophenolate mofetil | Initial dose of 2 x 0.6 g/m? of body area with blood levels monitoring — G, of MPA prior to the

(MMF)** next dose maintained at 2-3 ug/mL; in cases of inefficacy or toxicity, AUC should be calculated
(based on the measurements of MPA levels at several time points after administration), with the
target value of > 45 mg/h/l)

Levamisole** 2.5 mg/kg/24 h for 4 weeks and then 2 times a week for 12 to 24 months; monthly monitoring of

blood counts including platelets

Rituximab (RTX)** 375 mg/m? body area administered intravenously at weekly intervals to obtain CD19 depletion

(typically 1-2 doses, maximum of 4 doses) with CD19 count monitoring.

Tacrolimus (TAC)**
Chlorambucil (CL)**

Initially 0.1 mg/d in two doses; G, (prior to next dose) < 5 ng/mL.

Dosed at 0.1-0.2 mg/kg/d; maximum cumulative dose of 11.2 mg/kg/treatment; treatment dura-
tion of 8 weeks; blood counts control; epilepsy must be ruled out before drug initiation.
Do not repeat the full treatment course (after the accumulated dose is exhausted) [2C].

*Medication registered for use in pediatric patients with NS
**Medication not registered for use in pediatric patients with NS
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TREATMENT OF NEPHROTIC EDEMA

RECOMMENDATION 6:

6.1. Low sodium diet (< 35 mg/kg/d) is recommended to
reduce nephrotic edema [1B].

6.2. Before the initiation of diuretic treatment, it is sug-
gested that the patient be qualified for the hypo- or
normo-/hypervolemic group.

In patients with normo/hypervolemia, oral diuretics are
recommended, such as furosemide, hydrochlorothiazide,
or spironolactone [1B].

In patients with hypovolemia, administration of 20% albu-
min is recommended at a dose of 0.5-2 g/kg/d by slow
intravenous infusion followed by intravenous furosemide
administration [1B].

COMMENTARY

Treatment of edema in NS depends on
its severity and the pathomechanism leading
to its onset. Nutritional recommendations ap-
ply to all children in the acute phase of NS. In
cases of mild to moderate edema, reducing the
intake of salt to 35 mg/kg/d is sufficient [1, 2].
If edema is accompanied by hyponatremia, the
supply of fluids should also be reduced [3, 4].
More severe edema requires pharmacologi-
cal treatment [3-6]. Diuretics and intravenous
volemia-increasing agents require that the pe-
diatric patient be subjected to previous clinical
evaluation and qualification for the hypovole-
mia or normo-/hypervolemia group [1, 5]. The
results of laboratory tests may be useful in this
assessment in addition to the results of physi-
cal examination (tab. 6).

Patients with normo-/hypervolemia, mod-
erate edema, and normal glomerular filtration
rate may require oral diuretic drugs [1, 4, 5]:
— furosemide at 1-3 mg/kg/d in 3 to 4 doses;
— hydrochlorothiazide at 1-2 mg/kg/d in 2 to

4 doses;
— spironolactone at 1-4 mg/kg/d in 2—4 doses.

Doses of furosemide in patients with
NS must be higher than the standard doses
due to hypoalbuminemia which, by second-
arily increasing the extra-vascular distribution
volume, reduces the level of the drug in the
blood and thus furosemide’s secretion to the
proximal tubular lumen where the sodium re-
absorption blocking activity is exerted. In case
of outcomes following oral loop diuretic being
unsatisfactory, it is advisable to administer fu-
rosemide as intravenous infusion [1,4,5].

An alternative to the above therapy may
be combining furosemide with a diuretic that
inhibits Na absorption in the collecting tubule,
may consist in combining furosemide with
a diuretic that inhibits sodium absorption with-
in the collecting tubule, e.g. amiloride, which is
an inhibitor of the ENaC sodium channel [5, 6].
Caution is required when using combination
regimens including diuretic drugs due to the
risk of hypokalemia and alkalosis. Limitations
in patients with impaired glomerular filtration
should also be taken into account. Thiazides are
effective only in patients with glomerular filtra-
tion rate of > 30 mL/min, whereas furosemide,
which is used independently of the GFR value,
remains the drug of choice in patients with glo-
merular filtration rate of < 30 mL/min [1, 2, 5].

Hypovolemic patients require slow in-
travenous infusion of volemia-increasing
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Table 6. Clinical and biochemical parameters in the assessment of the hydration level in a pediatric NS patient

Clinical and biochemical parameters

Hypovolemia,
underfill hypothesis

Normo-/hypervolemia,
overfill hypothesis

Primary cause of edema

Hypoalbuminemia —
d oncotic pressure

Increase in activity of the ENaC
sodium channel in the renal collecting
tubule — Na retention

Cold extremities + -
Capillary refill time >2s <2s
Tachycardia A, _
Arterial blood pressure Paradoxical hypertension at the onset, Normal blood pressure
hypotension as a late symptom or hypertension
Orthostatic hypotension + -
Abdominal pain (bowel ischemia) + -
Glomerular filtration Correct Correct/reduced
Serum albumin <20¢g/L > 20¢g/L
Urine sodium < 10 mmol/L > 10 mmol/L
Fractional excretion of sodium in urine < 0.2% > 0.2%
uK/[uK + uNa] (%) > 60% < 60%
Plasma renin activity Elevated Reduced

agents followed by intravenous furosemide at

a dose of 5-10 mg/kg/d. The available prepara-

tions include:

— 20% solution of albumins at a dose of 0.5 to
2 g/kg/d (usually 1 g, i.e. 5 mL/kg/d), for pa-
tients with symptomatic hypovolemia and
serum albumin levels of < 15 g/L [1, 4, 5];

— dextran-40 at a dose of 5 to 10 mL/kg/d
(may be used as part of individual site ex-
perience) [1].

The use of the above preparations re-
quires particular care due to the risk of serious
complications, such as pulmonary edema upon
administration of albumins or anaphylactic
shock upon administration of dextran.

If no effect is observed, an attempt can
be made at one-time simultaneous administra-
tion of albumins and furosemide as their com-
bined intravenous administration significantly
improves the diuretic and natriuretic effect for
the first 8 hours of such treatment [7, §].

The urinary potassium to total uri-
nary potassium and sodium level ratio (uK/
[uK+uNa]) facilitates the detection of hypo-
volemia (> 60%) in NS and, thus, identifica-
tion of children who would benefit from the
infusion of albumins [9].
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PROPHYLAXIS OF THROMBOEMBOLIC
COMPLICATIONS OF NEPHROTIC
SYNDROME IN CHILDREN

RECOMMENDATION 7:

7.1. In children with nephrotic syndrome and history of
thromboembolic disease, low-molecular heparin at
a prophylactic dose of 50 IU/kg/d* (subcutaneous)
or acetylsalicylic acid at a dose of 2-3 mg/kg/d is
recommended during nephrotic syndrome episodes.

The use of heparin may be time-limited and conversion to
acetylsalicylic acid may follow at a later stage of manage-
ment [2C].

7.2. The generally accepted principles should be followed
in the treatment of thromboembolic complications

[1D].

*Enoxaparin sodium — dosage in mg (1 mg contains about 100 IU anti-
XA), nadroparin — dosage in anti-XA IUs

COMMENTARY

Anticoagulation prophylaxis is not re-
quired in most children with NS despite the in-
creased risk of thrombosis in uncontrolled NS.

A history of thromboembolic disease in
a patient with a clinically overt NS episode is
an absolute indication for such prophylaxis
management [1-3].

Anticoagulation treatment is initiated in
clinical situations where the risk of thrombosis
is further increased [4]. Some physicians use
low doses of acetylsalicylic acid in prolonged
episodes of severe steroid-resistant NS [5].

The risk of thrombosis increases as serum
albumin is reduced to < 2.5 g/dL (25 g/L), and,
therefore, as proteinuria is increased. In addi-
tion, the risk of thrombosis is increased in the
following clinical situations [6-9]:

— increased blood viscosity, thrombocytope-
nia;

— immobilization (massive edema);

— use of diuretics, hypovolemia;

— fibrinogen concentration > 6 g/L, anti-
thrombin III concentration < 70%;

— hyperlipidemia;

— obesity;

— history of surgery;

— cancer;

— membranous nephropathy, antiphospho-
lipid syndrome nephropathy.

RELATIVE INDICATIONS FOR THROMBOEMBOLIC
PROPHYLAXIS INCLUDE [2, 3, 7, 9-12]:

— albumin levels of < 20 g/L;

— proteinuria of > 10.0 g/L;

— BMI of > 35 kg/m*

— family history of thromboembolic disease
with documented genetic background
(thrombophilia);

— NYHA (New York Heart Association)
class III/IV heart failure;

— recent history of abdominal or orthope-
dic surgery;

— prolonged immobilization;

— concomitant septic condition and/or a deep
venous access catheter installed.

One should keep in mind that the preven-
tion of thrombotic disease is associated with an
increased risk of bleeding.

CONTRAINDICATIONS FOR PROPHYLACTIC

USE OF ANTICOAGULANTS INCLUDE [7, 12]:

— patient/parent non-compliance;

— signs of hemorrhagic diathesis;

— previous gastrointestinal bleeding;

— central nervous system disorders with bleed-
ing potential (brain tumor, aneurysm).

It is not recommended to perform screen-
ing for thrombophilia in children with INS
during the first episode unless their family his-
tory includes thrombotic events occurring at
a young age (< 50 years).

No separate standards for the treatment
of thromboembolic complications in children
with NS have been established; however, they
are included in the guidelines for the treat-
ment of such complications in other diseases
[8, 13].

Albeit rare, thromboembolic complica-
tions occurring in children with NS can be
life-threatening. The most frequently described
complications include cerebral thrombosis, pul-
monary thrombosis, and deep vein thrombo-
sis. Complications require timely diagnosis and
early, aggressive treatment [12, 14, 15].
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TREATMENT OF LIPID DISORDERS
IN CHILDREN WITH IDIOPATHIC
NEPHROTIC SYNDROME

RECOMMENDATION 8:

A low-fat diet alone is recommended for the treatment of
lipid disorders in the course of nephrotic syndrome.

8.1. Statin-based pharmacotherapy should be reserved
for exceptional cases (prolonged and intense lipid

disorders) [2B].
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COMMENTARY

Most cases of NS are accompanied by
hyperlipidemia. According to some data, the
occurrence and severity of hyperlipidemia de-
pend on the severity of proteinuria and hypo-
albuminemia rather than the underlying cause
of NS [1-3]. Additional factors with potential
impacts on these disorders include age, nutri-
tional status, and the use of corticosteroids, di-
uretics, and B-blockers. Some children with NS
present with elevated cholesterol, triglycerides,
low-density lipoprotein, and very-low-density
lipoprotein levels even after remission of ne-
phrotic syndrome [2, 3].

Diet therapy. In most clinical situations,
diet therapy is considered to be the physiologi-
cal modality causing (if any) only minor side
effects. However, diet therapy may not be suf-
ficient in cases of increased hypercholester-
olemia. According to the few available litera-
ture recommendations, dietary management
should include reducing the amount of con-
sumed fat to approximately 30% of the total
energy demand, reducing saturated fatty acids
to 10%, and cholesterol intake to less than
300 mg/day. This does not necessarily translate
to an improved clinical course of NS.

Pharmacological treatment. HMG-COA
reductase inhibitors can be used in the mono-
therapy of lipid disorders. In recent years,
much interest was paid to this group of drugs
due to their high efficacy in reducing serum
cholesterol levels with a small number of re-
ported side effects. Notably, HMG-COA re-
ductase inhibitors may also exert direct action
on mesangial proliferative glomerulonephri-
tis and epithelial cells [4-7]. Currently, drugs
from this group are most commonly used to
treat hyperlipidemia in NS. In some patients,
mainly adults with prolonged proteinuria, this
treatment appears to be an integral part of
the treatment process. There are few reports
on the use of statins in children with dyslipid-
emia and normal kidney function. According
to these data, statins may lower the low-den-
sity lipoprotein-associated cholesterol levels
by 17-50% [8-10]. Optimum management of
hyperlipidemia in pediatric patients with NS
has not been unambiguously established. In
children with chronic kidney disease, statins
are allowed in severe lipid metabolism disor-
ders. One should keep in mind that statins me-
tabolized by CYP3A4 may interact with cyclo-
sporin. In such cases, the activity of statins (not
CsA) is elevated, potentially leading to adverse
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Table 7. Statins used in pediatric patients

Name Age (years) Dose [mg/d] Metabolic pathway Lipophilicity
Simvastatin 10-17 10-40 CYP3A3/4 substrate +++
Lovastatin 10-17 10-40 CYP3A3/4 substrate ++
Atorvastatin 10-17 10-20 CYP3A3/4 substrate +
CYP3A4 inhibitor
Pravastatin 8-13 20 CYP3A3/4 substrate -
14-18 40 CYP3A4, CYP2C8/9, CYP2D6 inhibitor -

reactions, including, but not limited to, muscle
damage. During this combination treatment,
blood creatine phosphokinase activity should
be periodically monitored.

The recommended doses of statins in
children are shown in Table 7 [11-13].
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PREVENTION OF SKELETAL COMPLICATIONS
OF NEPHROTIC SYNDROME

RECOMMENDATION 9:

9.1. 25(0H)D, level monitoring is recommended in pedi-
atric patients with nephrotic syndrome.

9.2. Vitamin D supplementation is recommended at the
dose of 2000 IU per day during the treatment with
daily doses of prednisone and at the dose of 1000 IU
per day in NS patients during the period of steroid
therapy being administered every 48 hours and for
3 months thereafter if discontinuation takes place be-
tween October and March [1A].

The supplement should be delivered under control of
blood 25(0H)D, levels. The recommended value is 30—
50 ng/mL.

9.3. Diet with normal calcium content is recommended
as follows:

children between 1 and 3 years of age — 500 mg/d;

children between 4 and 8 years of age — 800 mg/d;

children between 9 and 18 years of age — 1300 mg/d;

If elimination diets (e.g. hypoallergenic, milk-free) diets
are used, the diet should be supplemented with calcium
50 as to achieve the recommended daily intake [2B].

9.4. In children receiving chronic steroid therapy due to
frequently recurrent, steroid dependent or steroid re-
sistant, nephrotic syndrome, bone density scans are
recommended every 12 months.
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COMMENTARY

The loss of proteins and minerals in the
course of NS and the treatment with cortico-
steroids may lead to changes in patients’ bone
tissue. Lower concentrations of 25(OH)D, lev-
els are observed during NS episodes as a result
of the loss of vitamin D transport proteins. Re-
duced 25(OH)D, levels may also persist in dis-
ease remissions [1, 2]. In addition to the nega-
tive effects of proteinuria on their skeletal
system, children with ZN are also at risk of ad-
verse effects of corticosteroid therapy which, by
inhibiting osteoblastogenesis and stimulating
apoptosis of osteoblasts, contribute to reduced
bone turnover and osteoporosis. In patients
with NS receiving corticosteroids, mineraliza-
tion disorders (osteomalacia) are observed
in biopsy specimens both in adults [3] and in
children [4], as is the reduction of bone mineral
density in densitometric tests [5].

A few available randomized studies dem-
onstrate the protective role of vitamin D and
calcium supplementation during corticoste-
roid treatment of children with NS [6-9].

Children with frequently recurring and
steroid-dependent NS are also at risk of growth
retardation as a result of being exposed to high
cumulative doses of corticosteroids [10, 11].
Alternate-day dosing of corticosteroids has no
significant effect on the inhibition of growth
retardation and facilitates achieving the cor-
rect final growth [12, 13].
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VACCINATIONS IN NEPHROTIC SYNDROME

RECOMMENDATION 10:

10.1. In children with nephrotic syndrome, vaccination
against invasive pneumococcal disease and an-
nual vaccination against influenza is recommended
to reduce the risk of severe infectious diseases in
children and family members living together [1A].

10.2. In the case of live vaccines, recommendations in-
clude:

e deferral of vaccination until prednisone dose is
reduced to less than 1 mg/kg/d (< 20 mg/d) or
2 mg/kg/48 h (< 40 mg/48 h);

a minimum 1-month interval prior to the administration
of a live vaccine in children with nephrotic syndrome
treated with immunosuppressive agents such as cal-
cineurin inhibitors, levamizole, mycophenolate mofetil;

a minimum 3-month interval prior to the administra-
tion of a live vaccine in children with nephrotic syn-
drome treated with cytotoxic agents such as cyclo-

phosphamide, chlorambucil;
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* aminimum 6-month interval prior to the administration
of a live vaccine in children with nephrotic syndrome
treated with anti-lymphocyte B antibodies (rituximab);

avoiding vaccination in patients treated with corticoste-
roids in combination with immunosuppressive agents;

maintaining special precautions for 3 to 6 weeks after
any live vaccines have been administered to fam-
ily members living together with the child receiving
immunosuppressive therapy to minimize the risk of
disease transmission [1A].

10.3. It is recommended that varicella-zoster vaccine
children with nephrotic syndrome receiving immu-
nosuppressive treatment be given immunoglobulins
against the varicella-zoster virus within 72 hours
after a contact with a smallpox patient [1A].

10.4. It is recommended that children receiving immuno-
suppressive treatment receive acyclovir or valacyclo-
vir from the very onset of varicella symptoms [2A].

COMMENTARY

The risk of infection in children with NS is
greater than the populational risk due to their im-
munity being compromised in the course of the
disease and their susceptibility to streptococcal,
particularly, pneumococcal, infections, invasive
diseases, and
A more severe course of some infectious dis-
eases, particularly varicella, is also observed in
children with NS; in immunosuppressed patients,
the disease can be life-threatening [1].

According to the recommendations of the
American Advisory Committee on Immuniza-
tion Practice (ACIP) and the American Acad-
emy of Pediatrics Committee on Infectious
Diseases (AAP CID), anaphylactic reaction to
an earlier dose of vaccine or any component
thereof is the only permanent contraindication
for preventive vaccination.

Temporary contraindications include:

— acute moderate to severe disease;
— exacerbation of chronic disease [2].

Children with NS should be included in
the Polish preventive vaccination schedule
as modified according to restrictions result-
ing from immunosuppressive treatment or
high-dose corticosteroids as described below.
Compliance with the vaccination schedules
with only actual periodic contraindications
(same as in the healthy population) being tak-
en into account is very important.

Avoiding vaccination in fear of disease
recurrence may result in a complete lack of re-
sistance to many infectious diseases [3].

In addition, under the current vaccination
schedule in force in Poland (Communication

immunosuppressive treatment.

from the Chief Sanitary Inspector of 31 October

2017 on the preventive vaccination program for

2018. Official Journal of the Minister of Health,

item 108 of 31 October 2017):

— Vaccination against Streptococcus pneu-
moniae is compulsory for all children born
after 31 December 2016; three primary vac-
cination doses are required in NS patients
unless the manufacturer advises otherwise;

— Immunocompromised children below
12 years of age, children at high risk of se-
vere disease progression, or children before
initiation of immunosuppressive therapy
are subject to mandatory varicella vaccina-
tion (additionally, vaccination is required in
siblings of NS children, if they had not been
sick with varicella in the past). A two-dose
vaccination schedule is recommended. Var-
icella-zoster vaccination is safe in patients
receiving low doses of prednisone;

— Recommended vaccinations for pediatric
NS patients include vaccination against
influenza according to the generally appli-
cable rules [4].

The safety of individual vaccines in chil-
dren with NS receiving corticosteroid and/or
immunosuppressive treatment is presented in
Table 8 [5].

VACGCINATION AGAINST INVASIVE
PNEUMOCOCCAL DISEASE

According to the 2013 ACIP recom-
mendations, children and adolescents from
selected groups at high risk of invasive pneu-
mococcal disease should receive the 13-valent
pneumococcal conjugate vaccine (PCV13).
Immunocompromised patients aged 6 to
18 who require immunosuppressive treatment
or present with chronic renal insufficiency and
NS are also included in this recommendation.
In addition, a 23-valent pneumococcal poly-
saccharide vaccine (PPV23) is recommended
as part of anti-pneumococcal vaccinations in
children from groups with the increased risk
of invasive pneumococcal infections above the
age of 2 years [5-9].

In the Committee’s view, vaccination with
PCV13 should be carried out even if the pa-
tient had already been given a 7-valent vaccine
and/or PPV23. In addition, it is recommended
that one dose of the vaccine be administered
to patients between 6 and 18 years of age who
had not previously received PPV23.

Detailed US recommendations for vac-
cination of children with NS or other chronic
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Table 8. Use of individual vaccines in children with nephrotic syndrome (acc. to [5])

Vaccine High corticosteroid dose* | Low corticosteroid dose

Diphtheria, pertussis, tetanus, polio, Yes Yes Yes
Haemophilus influenzae type B

Immunosuppression

Meningococci of groups B, C Yes Yes Yes
Viral hepatitis B Yes Yes Yes
Pneumococcal conjugate/ Yes Yes Yes
/pneumococcal polysaccharide

Human papilloma virus Yes Yes Yes
Influenza Yes Yes Yes
Varicella-zoster No Yes No

*High corticosteroid dose: 2 mg/kg/24 h or > 20 mg/24 h for children with a body weight of more than 10 kg administered for 14 or more days

Table 9. Principles for vaccination against pneumococcal diseases in children with nephrotic syndrome or other chronic
kidney diseases (adapted from [7, 8])

26

Age at first Pr_e gl Pr_e gl Recommended PCV13 Recommended PPV23
dose it G o8 L T D vaccination regimen vaccination regimen
of PCV7/PCV13 |  of PPV23 9 9
2-23 0-4 doses Not applicable As in healthy children Month 24 (at least 8 weeks after
months the last dose of PCV13) repeat
after 5 years
24-71 Non-vaccinated | Not applicable 2 doses at an interval 1 dose at least 8 weeks after
months of at least 8 weeks PCV13, repeat after 5 years
24-71 < 3 doses Not applicable | 1 dose at the earliest 8 weeks 1 dose at least 8 weeks after
months after the last dose PCV13, repeat after 5 years
24-71 4 doses of PCV7 No 1 dose at the earliest 8 weeks 1 Dose at least 8 weeks after
months after the last dose PCV13, repeat after 5 years
24-71 4 doses of PCV7 | 1or2doses | 1dose atthe earliest 8 weeks | Repeat PPV23 after 5 years (if only
months after the last dose one dose administered previously)
6-18 years Each PCV7 No 1 dose 1 Dose more than 8 weeks after
vaccination PCV13, repeat after 5 years
6-18 years Each PCV7 1 or 2 doses 1 dose Repeat PPV23 after 5 years (if only
vaccination one dose administered previously)

PCV7 — 7-valent pneumococcal conjugate vaccine; PCV13 — 13-valent pneumococcal conjugate vaccine; PPV23 — 23-valent pneumococcal polysac-

charide vaccine

kidney diseases against pneumococcal diseases
using PCV13 and PPV23 vaccines, depending
on the patient’s age and previous vaccines, are
set out in Table 9 [7, §].

Other vaccination schedules do not dif-
fer from those used in the population of
healthy children.

A few studies on the response to vaccina-
tion, particularly against pneumococcal diseas-
es and influenza in patients with NS treated with
corticosteroids and/or immunosuppressants,
indicate achieving satisfactory post-vaccination
responses in these patients [10-14]. Kamei et
al. presented the results of their studies on the
efficacy and safety of immunization with live
attenuated vaccines (against measles, rubella,
varicella-zoster, and mumps) in children with

Renal Disease and Transplantation Forum 2022, vol. 15, no. 1

NS receiving immunosuppressive treatment
with one or two of the following drugs: CsA,
TAC, MMF, MZR without steroid therapy
or additionally treated with prednisolone at
the dose of < 1 mg/kg/d or < 2 mg/kg/48 h. In
prospective studies involving 60 stable-course
patients to whom immunosuppressive treat-
ment could not be administered, vaccination
with live attenuated vaccines was demonstrated
to be safe and effective over at least one year
of follow-up [15]. These patients had been in
remission for at least 6 months and presented
with no confirmed deficits of cell-mediated and
humoral response (correct CD4 counts, normal
IgG levels, normal blast transformation test re-
sults) while maintaining plasma concentrations
within the desired therapeutic limits.
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