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Abstract This article overviews the pathogenesis and man-

agement of idiopathic nephrotic syndrome, a common child-

hood glomerulopathy. While initial evidence supported an

imbalance of T helper responses in patients with nephrotic

syndrome, recent studies suggest alterations in both innate and

adaptive immune responses, including evidence for impaired T

regulatory function. The central role of the podocyte in causing

proteinuria is confirmed by the observation of mutations in key

podocyte proteins in steroid-resistant nephrotic syndrome and

experimental evidence of altered podocyte signaling and

cytoskeletal organization, which might be corrected by medi-

cations. The outcome and management of idiopathic nephrotic

syndrome in children are determined by the response to corti-

costeroids and the frequency of relapses. While patients with

steroid-sensitive nephrotic syndrome have a favorable long-

term outcome, almost half of them relapse frequently and are at

risk of adverse effects of corticosteroids. Various non-corti-

costeroid immunosuppressive agents are used to prolong dis-

ease remission, but require careful monitoring for potential

adverse effects. While calcineurin inhibitors are the choice of

therapy for patients with steroid-resistant nephrotic syndrome,

long-term management of disease is challenging due to variable

response to immunosuppression, therapy-related adverse

effects, and high rates of disease progression to end-stage renal

disease. Information from recent randomized clinical trials has

helped to clarify and improve the standard of care for childhood

nephrotic syndrome and underscore the need for well-designed

collaborative studies.

Keywords Calcineurin inhibitors � Focal segmental

glomerulosclerosis � Minimal change disease � Podocyte �
Rituximab

Introduction

Nephrotic syndrome is a common cause of chronic kidney

disease, characterized by heavy proteinuria, hypoalbuminemia

(serum albumin \2.5 g/dl), hyperlipidemia, and edema [1•].

The large majority ([90 %) is primary (idiopathic); a sec-

ondary cause, e.g., amyloidosis, systemic lupus, Henoch

Schonlein purpura is seen rarely. Most ([80 %) children with

idiopathic nephrotic syndrome show remission following

therapy with oral corticosteroids. The prognosis in these cases

is favorable, in contrast to patients who do not respond to such

treatment, termed ‘steroid resistant.’

This article overviews our current understanding of the

pathogenesis of idiopathic nephrotic syndrome, including the

pivotal role of podocytes and the immune system. Specific

management and outcome of patients with steroid sensitive and

resistant nephrotic syndrome are discussed. Details on con-

genital nephrotic syndrome and on dietary management,

immunization, and management of complications are not

discussed.

Pathology

Histological studies by the International Society for Kidney

Disease in Children (ISKDC) show that over 80 % patients
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have insignificant glomerular abnormalities on light

microscopy (minimal change disease) [2]. While immu-

nofluorescence examination is negative, electron micros-

copy reveals effacement of podocytes with disruption and

disorganization of actin filaments. About 40–70 % patients

with steroid-resistant nephrotic syndrome and 5–10 %

cases with sensitive nephrotic syndrome have focal seg-

mental glomerulosclerosis (FSGS), with sclerosis involving

a segment of the glomerular tuft. While reports from

referral centers suggest an increase in the diagnosis of

FSGS in children, incidence studies in defined populations

are necessary to determine temporal trends [3].

Based on the location of sclerosis, the Columbia Clas-

sification distinguishes FSGS into five morphologic vari-

ants: tip lesions, cellular variant, perihilar lesions,

collapsing FSGS, and FSGS not otherwise specified [4].

While retrospective studies show differences in baseline

features and outcomes between these variants [5•], the

FSGS clinical trial was the first prospective study with

protocol-defined therapies to confirm adverse and favorable

renal outcomes in collapsing and tip variants, respectively

[6]. Collapsing glomerulopathy, characterized by segmen-

tal and/or global collapse of the glomerular capillary tufts

and podocyte hypertrophy, is an aggressive form of FSGS

that was classically described in HIV-associated nephrop-

athy but is now recognized to have multiple disease asso-

ciations [7].

About 10–15 % of patients with steroid resistance,

especially those above 12–14-year old, may also present

with membranoproliferative glomerulonephritis, membra-

nous nephropathy, or IgA nephropathy.

Pathogenesis

The glomerular filtration barrier consists of capillary

endothelial fenestrations, glomerular basement membrane

(GBM), and interdigitating podocyte foot processes.

Recent studies suggest that the podocytes are critical in

maintaining the selective filtering function.

Genetics

Pathogenic defects in genes encoding slit diaphragm or

cytoskeletal proteins are detected in 80–100 % cases with

congenital nephrotic syndrome (onset \3 months age),

50–60 % of infantile-onset steroid resistance, 65–70 % of

familial steroid resistance, and 25 % of sporadic steroid-

resistant nephrotic syndrome, particularly with use of high-

throughput next-generation sequencing [8, 9, 10••]. Muta-

tions in large number of genes are recognized, including

those encoding structural elements of the slit diaphragm or

the podocyte cytoskeleton (NPHS1, NPHS2, CD2AP,

TRCP6, and ACTN4), proteins deposited in the GBM

(LAMB2), mitochondrial genes (COQ2), or transcription

factors (WT1, LMX1B) (Table 1), with presentation ranging

from congenital nephrotic syndrome to disease onset in

adulthood.

Homozygous or compound heterozygous mutations in

NPHS1 and NPHS2 continue to be the chief causes of non-

syndromic early onset nephrotic syndrome [8]. Other genes

implicated in childhood onset steroid resistance are those

encoding Wilms’ tumor 1 (WT1), laminin beta 2 (LAMB2),

phospholipase C epsilon (PLCE1), myosin (MYO1E) [11],

cubilin (CUBN) [12], and rhoGDIa (ARHGDIA) [13].

Heterozygous mutations in alpha-actinin 4 (ACTN4),

transient-receptor potential cation channel subfamily C

member 6 (TRCP6), and inverted formin 2 (INF2) present

with later onset of illness and FSGS; INF2 mutations are

suspected in patients with concomitant Charcot Marie

Tooth disease [14]. The risk of developing FSGS with

high-risk haplotypes in MYH9 or APOL1 genes requires to

be ascertained across ethnicities [15, 16]. While most

patients with inherited forms of steroid resistance do not

respond to immunosuppressive agents, partial response to

calcineurin inhibitors has been reported [17, 18]. Disease

due to genetic defects does not relapse after transplanta-

tion, but recurrence is reported in patients with truncating

deletions of NPHS1 and occasionally, NPHS2 mutations

[19].

Immune Dysfunction

There is considerable evidence of immune dysfunction in

patients with steroid-sensitive nephrotic syndrome. It is

proposed that altered cell-mediated immunity and T helper

type 2 polarization cause the release of an uncharacterized

circulating factor that increases glomerular permeability.

Evidence favoring Th2 bias includes association with

atopy, and elevated plasma levels of IgE, decreased

induction of the Th1-specific transcription factor T-bet, and

induction of c-maf, a Th2-specific transcription factor [20].

Recent studies suggest that disease activity is associated

with an imbalance between T helper 17 cells, upregulated

in many autoimmune conditions, and regulatory T cells

[21–23]. Deficiency or dysfunction of T regulatory cells

[24, 25] may allow activation of effector T cells to secrete

factors that mediate glomerular permeability [25] or

increase oxidant production by polymorphonuclear leuko-

cytes [26]. Conversely, stimulation of T regulatory cells,

demonstrated to cause remission in an experimental model

of nephrotic syndrome [27], follows measles [28] as well as

B cell depletion with rituximab [26, 29], both of which are

reported to induce prolonged remission or eradicate the

disease.
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The rapidity with which relapses follow infections is

suggested to indicate involvement of innate immunity. It is

proposed that pathogen-triggered activation of toll-like

receptors induces nuclear factor kappa b (NF-jB) signaling

or alters its regulatory feedback leading to activation of

innate immune responses and/or T cell polarization toward

the Th2 phenotype through the proto oncogene c-maf [20].

The beneficial influence of saquinavir, a protease inhibitor

that inhibits NF-jB activation in selected patients with

steroid resistance, supports the hypothesis [30].

CD80 is normally expressed on antigen presenting cells

and engages either CD28 on effector T cells or cytotoxic

T-lymphocyte-associated (CTLA)-4 on regulatory T cells

[31]. In vitro models of nephrotic range proteinuria show

increased podocyte expression of CD80 [31]. A ‘two-hit’

hypothesis proposes that podocyte CD80 expression, ini-

tiated through engagement of toll-like receptors 3 or 4 by

a virus or cytokine, remains upregulated due to inade-

quate censoring by regulatory T cells or podocytes [32,

33]. Studies report increased urinary excretion of CD80 in

patients with minimal change disease and not in FSGS

[34•, 35, 36••]. Finally, increased podocyte CD80

expression and proteinuria in patients with recurrent

FSGS or minimal change disease were attenuated by

therapy with CTLA-4 agonists, abatacept, and belatacept

[37, 38].

Circulating Factors

The soluble mediator hypothesis, supported by the recur-

rence of nephrotic proteinuria immediately post-transplant

in 20–40 % of patients with idiopathic FSGS [39], and the

induction of proteinuria and podocyte foot process

effacement in rats or increase in vascular permeability in

guinea pigs [40] by supernatants from T cells of patients

with nephrotic syndrome, is the most widely believed

paradigm for disease pathogenesis in FSGS. Proposed

circulating factors include interleukin (IL)-13 [41], car-

diotrophin-like cytokine-1 [40], tumor necrosis factor a [4],

hemopexin [40], and the c-maf-inducing protein, c-mip

[42].

The debate on the identity of the elusive circulating

factor was stimulated by findings of Wei et al., who

described elevated levels of soluble urokinase plasminogen

activating receptor (suPAR) in Caucasians with primary

and recurrent FSGS, and showed that membrane bound

uPAR activated podocyte b3 integrin signaling, foot pro-

cess effacement, and histology resembling FSGS [43••].

Further studies demonstrated that levels of serum suPAR

were elevated in two well-characterized cohorts of children

and adults with primary FSGS [44], distinguished FSGS

from minimal change disease [43], primary from secondary

FSGS [45] and recurrent from non-recurrent disease [43],

Table 1 Inherited defects in patients with steroid-resistant nephrotic syndrome (SRNS)

Gene Protein Location Histology Phenotype

NPHS1 Nephrin Slit diaphragm Microcystic dilatation

of tubules; progressive

mesangial sclerosis

Congenital nephrotic syndrome

NPHS2 Podocin Slit diaphragm FSGS Congenital nephrotic syndrome; early onset SRNS

CD2AP CD2-associated protein Slit diaphragm FSGS Adult onset SRNS (heterozygous); early onset

FSGS (homozygous)a

TRPC6 Transient-receptor potential

ion channel 6

Cell surface FSGS Adult onset SRNSa

PLCE1/

NPHS3

Phospholipase C epsilon 1 Intracellular DMS; FSGS Early onset SRNS

WT1 Wilms’ tumor 1 Intracellular DMS (Denys-Drash);

FSGS (Frasier)

Early onset SRNS; Denys-Drash or Frasier

syndromea

ACTN4 a-actinin-4 Intracellular FSGS Adult onset SRNS (incomplete penetrance, slow

progression); FSGSa

INF2 Inverted formin 2 Intracellular FSGS Adult onset SRNS; FSGSa

LMX1B LIM-homeodomain

transcription factor 1b
Intracellular Nail-patella syndrome; SRNSa

APOL1 Apolipoprotein L1 Intracellular FSGS Adult onset SRNS (incomplete penetrance)a

LAMB2 Laminin-b2 Basement

membrane

DMS (syndromic);

FSGS (isolated)

Pierson syndrome; early onset SRNS

DMS diffuse mesangial sclerosis, FSGS focal segmental glomerulosclerosis, SRNS steroid-resistant nephrotic syndrome
a AD autosomal dominant
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and declined with therapy with mycophenolate mofetil [46]

or plasmapheresis [47]. Recent studies have contested the

role of suPAR in distinguishing between FSGS, MCD and

other glomerular diseases [48••, 49, 50] and suggest that

blood levels relate more closely to reduced glomerular

filtration and systemic inflammation than renal histology

[48, 51].

Recent studies link a hyposialylated form of podocyte

glycoprotein angiopoietin like 4 (ANGPTL4) to proteinuria

in experimental models [52] and soluble ANGPTL4 to

proteinuria and hypertriglyceridemia through feedback

loops [53]. Modification of ANGPTL4 at a key lipoprotein

lipase interacting site using recombinant technology [54],

and administering oral N-acetyl-D-mannosamine, a natu-

rally occurring precursor of sialic acid [55], reduced pro-

teinuria without inducing hypertriglyceridemia, suggesting

that sialylation of ANGPTL4 might be a potential anti-

proteinuric intervention.

Serum and urinary levels of several microRNAs (miR-

NAs), short non-coding RNA molecules that regulate gene

expression, are altered in nephrotic syndrome and relate to

underlying histology or to degree of tubulointerstitial

injury [56]. Blood levels of mir-186 [57], miR-192, and

miR-205 might differentiate FSGS from minimal change

disease [58]. The precise role of the miRNAs in disease

pathogenesis needs to be defined.

The podocyte is increasingly recognized as the target for

anti-proteinuric interventions [59]. Co-incubation of

podocytes with glucocorticoids enhances nephrin transport,

reduces actin disruption and increases its polymerization,

prevents upregulation of miRNA-30, and enhances podo-

cyte recovery [60, 61]. Calcineurin inhibitors stabilize

podocytes by changing the expression, distribution, or

phosphorylation of nephrin, synaptopodin, cofilin-1, and

TRPC6 [62]. Rituximab has been shown to bind to podo-

cyte sphingomyelin phosphodiesterase acid like 3b,

SMPDL-3b, preventing disruption of the actin cytoskeleton

and podocyte apoptosis by plasma from patients with

recurrent FSGS [63]. Figure 1 summarizes prevailing

hypotheses regarding the pathogenesis of nephrotic syn-

drome, including immune dysfunction and permeability

factors and their relationship with inherited or acquired

defects in podocyte slit diaphragm proteins and the actin

cytoskeleton.

Evaluation

Majority of patients with idiopathic nephrotic syndrome

have steroid-sensitive illness; the disease course varies

with 35–40 % having a single episode or 1–2 relapses, and

55–60 % showing multiple relapses that occur infrequently

or frequently [66, 67]. Nephrotic range proteinuria is the

presence of 3–4? protein by dipstick on first morning urine

for 3 consecutive days, spot protein/creatinine ratio[2 mg/

mg, or protein excretion [40 mg/m2/h. Investigations at

the onset include (i) urinalysis, (ii) blood levels of urea,

creatinine, albumin, cholesterol, and (iii) complete blood

counts. Additional investigations based on clinical suspi-

cion are (i) tuberculin test, chest X-ray (areas with high

prevalence of tuberculosis); (ii) C3, anti-streptolysin O

(gross or persistent microscopic hematuria); (iii) hepatitis

B surface antigen (recent jaundice, raised transaminases);

(iv) anti-nuclear antibodies; and (v) urine culture (features

of urinary tract infection).

Most children with nephrotic syndrome do not require a

kidney biopsy. A biopsy is required at onset if a cause other

than minimal change disease is suspected, such as (i) age at

onset\1 year, (ii) gross or persistent microscopic hematuria,

or low C3; (iii) renal failure not attributable to hypovolemia;

(iv) suspected secondary cause; and (v) sustained severe

hypertension. While no upper age cutoff is identified, the

likelihood of corticosteroid resistance and finding of sig-

nificant glomerular lesions is higher in older children [68]. A

renal biopsy is considered later (i) for steroid resistance and

(ii) if therapy with calcineurin inhibitors is planned. The

specimen should be examined by light, immunofluorescence

and electron microscopy.

The diagnosis of steroid resistance is based on demon-

stration of non-response (3–4? proteinuria, edema, or

hypoalbuminemia), despite therapy with prednisone in

adequate doses for 4–8 weeks [69–71]. Recent recom-

mendations suggest awaiting remission for 6–8 weeks

while tapering corticosteroids since a small proportion of

patients might show remission, while on alternate-day

prednisone the use of pulse steroids to confirm resistance is

not recommended [70]. Patients with steroid-resistant

nephrotic syndrome require (i) 24-h quantitation of pro-

teinuria, (ii) estimation of glomerular filtration rate, and

(iii) renal biopsy. Those patients with the collapsing variant

of FSGS are screened for anti-HIV and anti-parvovirus B19

IgM antibodies. Testing for inherited mutations is not

recommended due to variable availability and high cost of

testing, low prevalence of defects, and unclear association

with response to therapy [8, 70]. Screening for genetic

mutations should be offered to patients with a family his-

tory of similar renal disease, and those presenting in the

first 3 months of life (congenital nephrotic syndrome).

Management of Steroid-Sensitive Nephrotic Syndrome

International collaborative efforts by the ISKDC [66] and

Arbeitsgemeinschaft für Pädiatrische Nephrologie (APN)

[72] have had a crucial role in defining the treatment of

nephrotic syndrome. Randomized controlled trials (RCTs)
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using corticosteroids and non-corticosteroid immunosup-

pressive agents, summarized in systematic reviews [73,

74], form the bases for recommendations by the Kidney

Disease: Improving Global Outcomes (KDIGO) Glomeru-

lonephritis Work Group [68, 75], and organizations such as

the Indian Society of Pediatric Nephrology [76] and

Canadian Society of Pediatric Nephrology [71] (Table 2).

Selected randomized controlled trials on nephrotic syn-

drome, published in the last 4 year, are summarized in

Table 3 [77–86].

Initial Episode

Although the ISKDC proposed that initial prednisone

therapy comprise of 4 weeks daily and 4-weeks intermit-

tent therapy [66], refinements were proposed over the last

four decades. Ever since an APN-supported randomized

trial showed reduced relapse rates on prolonging initial

therapy from 8 to 12 weeks [72], experts have suggested

that extending therapy to 24 weeks was even better. Results

from a meta-analysis showed that, compared to 3 months,
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Fig. 1 Pathogenesis of idiopathic nephrotic syndrome. Schematic

view of podocyte foot process demonstrates components of the slit

diaphragm complex, formed by nephrin, Neph1, and podocin, and the

actin cytoskeleton, which also receives inputs from the basolateral

domain of the foot process, containing the a3b1 integrins and a and b
dystroglycans. The dominant paradigm in nephrotic syndrome is an

imbalance between T helper 1 (Th1) and T helper 2 (Th2) cytokines,

and that a cytokine soluble mediator, presumably IL-13, increases

glomerular permeability. Other molecules suggested as mediators

include soluble urokinase plasminogen activator receptor (suPAR)

that activates podocyte b3 integrin signaling to integrin-linked kinase

(ILK), circulating proteases that phosphorylate vasodilator stimulated

phosphoprotein (VASP), vascular endothelial growth factor, and

angiopoietin-like-4 (ANGPTL4). Signaling through nuclear factor

kappa B (NF-jB) and toll-like receptor (TLR) mediated pathways

may polarize adaptive immune responses toward Th2 cells, or directly

increase CD80 expression in podocytes. An imbalance of Th17 and T

regulatory responses allows persistent CD80 activation on podocytes,

and/or helper responses. MicroRNAs may influence glomerular

permeability through changes in gene transcription. Finally, thera-

peutic agents have direct effects on podocytes; glucocorticoids (G) on

gene expression, calcineurin inhibitors (C) on stabilization of

synaptopodin (S) or inhibition of TRPC6 channel, binding of

rituximab (R) to the SMPDL-3b protein and of abatacept (A) to

CD80. Parts of the figure have been used by the authors in two

publications [64, 65]. The figure is original and has not been adapted

from any other manuscript
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therapy for 6 months led to reduced risk of frequent

relapses (relative risk, 0.55; 95 % confidence interval, CI

0.39,0.80) and reduced number of annual relapses (mean

difference -0.44; 95 % CI -0.82, -0.07) [73]. The ana-

lysis suggested an inverse relationship between relapses

and duration of initial therapy, such that the relative risk for

relapse at 12–24 months would fall by 11 % of baseline

relapse rate for every 1 month increase in duration of

therapy from 2 to 7 months. Further, while the reduction in

risk of relapse appeared to relate primarily to an increase in

duration and not the cumulative dose of prednisolone, a

meta-analysis of two studies using differing doses over

similar duration of therapy suggested reduced risk of

relapse with higher dose [73].

Table 2 Guidelines for management of steroid-sensitive nephrotic syndrome

Indian Society of Pediatric Nephrology

2008 [76]

Kidney Disease: Improving Global

outcomes (KDIGO) 2012 [68]a
Canadian Society of Nephrology 2014

[71]

Initial

episode

Prednisolone Daily: 2 mg/kg (max.

60 mg) for 6 week Alternate days

(AD): 1.5 mg/kg (max. 40 mg) for 6

week; discontinued without taper

Prednisone Daily: 60 mg/m2 [1B] for

4–6 week [1C] AD: 40 mg/m2 [1D] for

2–5 months, tapered [1B] Total

duration: C12 weeks [1B]

Prednisone As KDIGO; suggest that

therapy for C6 months may be

beneficial

Relapse;

infrequent

relapses

Prednisolone Daily: 2 mg/kg until

remissionb; then AD: 1.5 mg/kg for 4

week; discontinued

Prednisone Daily: 60 mg/m2 till

remissionb [2D] AD: 40 mg/m2 for C 4

week [2C]

Prednisone As KDIGO

Frequent

relapses,

steroid

dependence

Long-term prednisolone: Treat relapse as

above, then administer therapy on AD

at a dose of 0.5–0.7 mg/kg for

9–18 months

Long-term prednisone: AD for

C3 months [2C] in lowest dose to

maintain remission

Administer dose daily during episodes of

upper respiratory tract and other

infections [2C]

Administer daily, in lowest dose to

maintain remission without major

adverse effects, if AD therapy is

ineffective [2D]

Long-term prednisone As KDIGO;

suggest alternative agent if steroid

dependence, based on patient

preference, availability and side effects

Corticosteroid-sparing agents:

Prednisolone threshold [0.5–0.7 mg/

kg or if steroid toxicity

Corticosteroid-sparing agents: use if

steroid toxicity [1B]

Corticosteroid-sparing agents: as

KDIGO

Levamisole: 2–2.5 mg/kg AD for

1–2 year

Levamisole: 2.5 mg/kg AD [2B] for

C1 year [2C]

Not available in Canada

Cyclophosphamidec1: 2 mg/kg/day for 12

week

Chlorambucil: Not recommended

Alkylating agents: For frequent relapses

[1B]; may use in steroid dependence

[2C]; avoid second course [2D]; initiate

therapy in remission [2D]

As KDIGO; preferred first line agent

along with calcineurin inhibitors

Calcineurin inhibitorsc2 Cyclosporine

4–5 mg/kg/d or tacrolimus

0.1–0.2 mg/kg/day x 1–2 year; trough

levels if non-compliance, toxicity,

unsatisfactory response

Calcineurin inhibitor: Cyclosporine [2C]

or tacrolimus [2D] for C1 year [2C];

latter preferred if unacceptable

cosmetic side effects with

cyclosporine; monitor levels during

therapy

As KDIGO; tacrolimus preferred over

cyclophosphamide; lack of insurance

cover limits use

Mycophenolate mofetil: 800–1200 mg/

m2 daily for 1–2 year

Mycophenolate mofetil: 1200 mg/m2

daily for C1 year

As KDIGO; prefer if toxicity to

calcineurin inhibitors

Mizoribine: Not mentioned Mizoribine: Suggest that not be used

[2C]

As KDIGO

Azathioprine: Not mentioned Azathioprine: Recommend that not be

used [1B]

As KDIGO

Rituximab: Not mentioned Rituximab: Consider if failing other

agents and/or serious adverse effects

[2C]

As KDIGO

a Quality of evidence and strength of guideline graded in parentheses. Quality of evidence graded A for very high quality to D for very low

quality. Strength of recommendation graded as level 1 for recommendation and level 2 for suggestion, based on quality of evidence, balance

between desirable and undesirable effects, costs of intervention, and uncertainty or variability in values and preferences [75]
b Urine protein trace or nil or urine protein to creatinine ratio \200 mg/g (\20 mg/mmol) for 3 consecutive days
c Prefer in 1patients with significant steroid toxicity, severe relapses with hypovolemia or thrombosis, poor compliance or difficult follow up;
2patients who continue to show steroid dependence or frequent relapses despite treatment with agents listed previously
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Three recently published, well-designed randomized

studies contest the above view (Table 3) [77–79]. A mul-

ticenter placebo-controlled parallel group trial from Neth-

erlands, on 150 children, showed no differences in the

cumulative proportion of children with frequent relapses or

any relapse when initial therapy was prolonged from 12 to

24 weeks without increasing the cumulative dose [79].

Similarly, a randomized placebo-controlled blinded trial

conducted across 5 centers in north India on 181 patients

randomized to receive 6 or 3 months of prednisolone

Table 3 Important randomized controlled trials in nephrotic syndrome published between 2010 and 2014

Author, year (Refs.) Type; N Comparison groups Follow up Results (Comparisons of group 1 with 2)

First episode of steroid-sensitive nephrotic syndrome

Sinha, 2014 [77] Placebo controlled; 181 Prednisolone: 3 vs. 6 months 12 months Similar frequency of relapses (mean difference

0.28; 95 % CI 0.75, 0.19) and proportions in

sustained remission (37.5 vs. 46.7 %; P = 0.21)

or frequent relapses (39.8 vs. 38 %; P = 0.81);

similar HR for first relapse and for frequent

relapses

Yoshikawa, 2014 [78] Open label; 255 Prednisolone: 2 vs. 6 months 24 months Similar time to frequent relapses (HR 0.86; 90 %

CI 0.64, 1.16) and first relapse (HR 0.97; 95 %

CI 0.72, 1.31); similar frequency of relapses and

adverse events; lower cumulative prednisolone

dose over 2 year for 2- vs. 6 months

(P \ 0.0001)

Teeninga, 2013 [79] Placebo controlled; 150 Prednisolone: 3 vs. 6 months;

identical cumulative dose

Median

47 months

No difference in proportions with relapse (77 vs.

80 %), frequent relapses (45 vs. 50 %), need for

immunosuppressive medications (50 vs. 59 %)

or adverse events; similar time to frequent

relapses (log rank P = 0.91)

Frequent relapses, steroid dependence

Gulati, 2010 [80] Open label; 100 Low-dose prednisolone daily for

7 days during infections vs.

alternate days

12 months Reduced frequency of relapses (difference 0.9

episodes/patient/year; 95 % CI 0.4, 1.4) and

infection associated relapses (difference 0.7

episodes/patient/year; 95 % CI 0.3, 1.1); 59 %

reduction when adjusted for infections (rate ratio

0.41; 95 % CI 0.3, 0.6)

Gellerman, 2013 [81] Open label, crossover; 60 Mycophenolate mofetil vs.

cyclosporine (12 months each)

24 months Higher frequency of annual relapses during the

first (P = 0.03) but not second year (P = 0.14);

lower proportion in sustained remission (64 vs.

85 %; P = 0.06); shorter time to relapse during

the first (P \ 0.05) but not second year

(P = 0.36)

Iijima, 2014 [82] Placebo controlled; 52 Rituximab vs. placebo, 4 doses

weekly

12 months Median relapse-free period significantly prolonged

(267 vs. 101 days); HR for relapse 0�27 (95 %

CI 0.14, 0.53; P \ 0�001)

Ravani, 2011 [83] Open label; 54 Rituximab (one dose), low dose

CNI and prednisone vs.CNI and

prednisone

3 months 70 % lower proteinuria (95 % CI 35, 86 %); lower

proportion with relapses (18.5 vs. 48.1 %;

P = 0.029); higher proportion drug free (62.9

vs. 3.7 %; P \ 0.001)

Steroid resistance

Gipson, 2010 [84] Open label; 138 Oral dexamethasone,

mycophenolate mofetil and

prednisone vs. cyclosporine and

prednisone

Therapy

52 weeks;

follow up

26 weeks

Partial or complete remission in 33 vs. 46 %

(P = 0.11; OR 0.59, 95 % CI 0.30, 1.18);

similar preservation of remission after stopping

treatment (OR 1.21, 95 % CI 0.56, 2.66); similar

proportions progressed to kidney failure or died

(P = 0.56)

Gulati, 2011 [85] Open label; 131 Tacrolimus and prednisolone for

12 months vs. IV

cyclophosphamide and

prednisolone for 6 months

12 months Higher proportion in complete remission (52.4 vs.

14.8 %) and complete or partial remission (82.5

vs. 45.9 %) (adjusted HR 2.61; 95 % CI 1.59,

4.26; P \ 0.001); fewer treatment failures (52.4

vs. 14.8 %) (all P \ 0.001); higher proportion in

sustained remission (73.1 vs. 42.9 %;

P = 0.002); high odds of favorable outcome

Magnasco, 2011 [86] Open label; 31 Rituximab (2 doses), CNI and

prednisone vs. CNI and

prednisone

3 months No significant change in proteinuria at 3 months

(difference -12 %; 95 % CI -73 %, 110 %;

P = 0.77)

CI confidence intervals, CNI calcineurin inhibitors, HR hazards ratio, IV intravenous, OR odds ratio, vs. versus
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differing in cumulative dose by 739 mg/m2, showed no

differences in the frequency of relapses at one year

(P = 0.24), hazard ratio for frequent relapses (1.01; 95 %

CI 0.61, 1.67; P = 0.96), and proportions with sustained

remission or steroid adverse effects [77]. Post hoc sub-

group analysis showed that children younger than 3 year

might benefit from 6-months therapy with reduced risk for

first relapse, but not frequent relapses. An open label

multicenter randomized trial from Japan, published

simultaneously with the above study, examined the non-

inferiority of 2-months to 6-months therapy with predni-

sone at higher cumulative dose (2240 vs. 3840 mg/m2) in

255 patients, 1–15-year old followed for 2 years [78]. Time

to first relapse and frequent relapses were similar between

the two groups and the ratio of the number of relapses per

person year was 0.94 (95 % CI 0.71, 1.22; P = 0.65). The

authors concluded that 2-months’ initial steroid therapy,

despite less medication exposure was not inferior to

6-months treatment in affecting the rates of frequent

relapses.

Results from these RCTs that enrolled almost 600

patients emphasize that prolongation of initial therapy to 6

months is not useful in modifying the course of the disease,

or reducing subsequent needs for corticosteroids and ste-

roid-sparing agents. One study showed that the benefit of

extended initial therapy was limited to the period while

steroids were being administered [77]. Since the intent of

intensive initial therapy is to alter the disease course rather

than delay the time to first relapse, lower rates of relapses

during steroid tapering do not appear to be a valid outcome.

Given the current data and risk of adverse effects due to

steroid intake, prolongation of initial therapy beyond 12

weeks [72] is perhaps not required. Results from a British

study comparing 2- and 4-months initial corticosteroid

therapy [NCT00308321] are awaited.

One retrospective study suggested that prednisone un-

derdosing, where dosing for the initial episode is prescribed

according to weight rather than body surface area,

increased the likelihood of frequent relapses [87]. While

the results suggest that corticosteroids be dosed by body

surface area rather than by weight, confirmation from

prospective studies is required.

Management of Frequent Relapses

Therapy for relapses comprises of daily prednisolone until

remission followed by on alternate days for 4 weeks. There

is no evidence that prolonged therapy for a relapse deter-

mines the long-term outcome of the illness. Patients with

two or more relapses in 6 months or [4 in 1 year are

classified as frequent relapsers. Steroid dependence is

defined by occurrence of at least two relapses while

receiving prednisolone or within 2 weeks of its stoppage.

Frequent relapses and steroid dependence are more com-

mon in patients with age at onset below 3 year, delayed

time to initial remission, brief corticosteroid therapy at

disease onset, and short duration of initial remission [66,

67, 88, 89].

Therapy with multiple courses of high-dose predniso-

lone is associated with significant toxicity, including

behavioral problems, cataract, glaucoma, hypertension,

avascular hip necrosis, and diabetes. Relapses may be

associated with significant complications, including infec-

tions, thrombosis, and dyslipidemia. Hence, patients with

frequent relapses or steroid dependence are treated with

long-term alternate day steroids, or alternative steroid-

sparing medications to maintain remission while limiting

exposure to steroids. Since very few RCTs have compared

the relative efficacy and safety of these strategies, guide-

lines do not specify the order or specific choices of alter-

native therapy [68, 74, 76] (Table 2).

Long-Term, Alternate Day Steroids

The dose of prednisolone is tapered to the lowest dose

required to maintain the patient in remission without sig-

nificant adverse effects. A dose of 0.3–0.7 mg/kg given on

alternate days for 6–18 months is effective in reducing

relapses or maintaining remission in 30–40 % patients.

Since relapses are precipitated following minor infections,

3 studies examined the role of short-term (5–7 days) daily

administration of corticosteroids in reducing infection-

related relapses [80, 90, 91]. Although all studies found an

effect of this intervention on relapse rates, one had enrolled

a small number of patients [90] and another did not

examine long-term benefits [91]. A prospective well-pow-

ered RCT showed that daily administration of small dose of

prednisolone, during intercurrent infections, independently

reduced annual relapse rates by 59 % (rate ratio, 0.41;

95 % CI 0.3, 0.6) without increase in steroid toxicity; 6

patients were required to be treated to prevent occurrence

of frequent relapses in one [80]. Based on the above find-

ings, KDIGO currently suggests that the frequency of

administration of prednisolone is to be increased from

alternate day to daily during episodes of fever with or

without upper respiratory tract infection [68]. A British

trial (PREDNOS2; ISRCTN10900733) is evaluating the

effectiveness of 6-day daily prednisolone during upper

respiratory infections in preventing a subsequent relapse in

such patients.

Based on the hypothesis that suppression of the hypo-

thalamo-pituitary axis is a risk factor for relapses of

nephrotic syndrome, small reports suggest that adminis-

tration of low dose daily prednisolone may in some patients

be more effective in preventing relapses, as compared to

administration of corticosteroids on alternate days [92, 93].
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While evidence from randomized trials comparing daily

low dose with standard alternate-day prednisolone is

awaited [CTRI/2012/12/003194], KDIGO guidelines sug-

gest that daily prednisone may be given at the lowest dose

to maintain remission without major adverse effects in

children with steroid-dependent disease where alternate-

day prednisone therapy is not effective [68].

Findings from 2 double blind, placebo-controlled, RCT

from the Indian subcontinent suggest that supplementation

with zinc at 10–20 mg daily for 6–12 months was associ-

ated with reduction in relapses in patients with nephrotic

syndrome [94, 95]. Subgroup analysis in one study showed

28 % reduction in relapse rates and a significantly higher

likelihood of sustained remission (P = 0.02) in patients

Table 4 Guidelines in management of steroid-resistant nephrotic syndrome

Indian Society of Pediatric Nephrology, 2009

[69]a
Kidney Disease: Improving Global outcomes

(KDIGO), 2012 [70]b
Canadian Society of

Nephrology, 2014 [71]

Definition Lack of remissionc despite treatment with

prednisolone at 2 mg/kg/day for 4 week;

exclude systemic infections

Lack of remissionc despite treatment with

prednisone for 8 week, (2 mg/kg/day for 4

week; 1.5 mg/kg on alternate days for 4 week)

[2D]

Range of 4-8 week to

define steroid

resistance

Evaluation Essential Kidney biopsy Serum creatinine,

albumin

Not essential Screening for genetic mutations:

Familial or congenital forms; patients with

initial resistance

Essential [not graded] Kidney biopsy Estimated

GFR; spot protein to creatinine (Up/Uc) or

24-h protein Not essential Screening for

genetic mutations

As advised by KDIGO

Therapy Choice based on physician preference and

medication costs (i) Calcineurin inhibitor

(CNI)—cyclosporine [Grade A] or tacrolimus

[Grade D]: efficacy 50–80 % (ii)

Cyclophosphamide [Grade C]: efficacy

40–60 % for IV and 25 % for oral therapy (iii)

IV methylprednisolone, oral

cyclophosphamide [Grade C]: efficacy

30–50 %

Immunosuppressive regimens CNI [1B] with low

dose prednisone: Efficacy 69–86 %

As KDIGO

Patients without remission to CNI at 6 months

Mycophenolate mofetil [2D] efficacy *33 %

High-dose corticosteroids [2D] efficacy *47 %

Combination of agents [2D]

Do not use cyclophosphamide [2B] or rituximab

[Not graded]

As KDIGO

MMF in patients with

CNI related adverse

events

Non immunosuppressive therapies

ACE inhibitors [Grade C] or ARB [Grade D]

HMG CoA reductase inhibitor: if dyslipidemia

[6 months

Non immunosuppressive therapies ACE

inhibitors, ARB: Use in all patients [1B];

proteinuria reduction 33–62 %

As KDIGO

Response to

therapy

(assessed at

6 months)

Both complete and partial remission acceptable

Complete remission: trace/negative protein; Up/

Uc \ 0.2 mg/mg

Partial remission:1–2? proteinuria; Up/Uc

0.2–2

Non-response: 3–4? proteinuria; Up/Uc [ 2;

blood albumin \2.5 g/dl

Both complete and partial remission acceptable

Complete remission: proteinuria \0.3 g/24-h

(Up/Uc \ 300 mg/g or \30 mg/mmol)

Partial remission: proteinuria [0.3 but \3.5

g/24-h; decrease in proteinuria by [50 %

As KDIGO

As KDIGO

Duration of

therapy

Discontinue CNI if no remission at 6 months;

continue CNI for 2–3 year if complete/partial

remission; continue longer if nephrotoxicity

ruled out on repeat biopsy

Discontinue CNI if no remission

at 6 months [2C]

Continue CNI for C12 months if complete/

partial remission at 6 months [2C]

As KDIGO

As KDIGO

Monitoring During therapy with CNI Trough cyclosporine

80–120 ng/ml; tacrolimus 5–8 ng/ml; eGFR:

Maintain ± 20 % of baseline; rebiopsy: if

therapy[2–3 year or suspected nephrotoxicity

Relapse after achieving remission: (i) Treat with

oral corticosteroids [2D] (ii) Use previously

successful medication [2D] (iii) Use

alternative agent to minimize cumulative

toxicity [2D]

As KDIGO

Target trough levels:

cyclosporine

80–150 ng/ml;

tacrolimus 5–7 ng/ml

ACE angiotensin converting enzyme, ARB angiotensin-receptor blockers, eGFR estimated glomerular filtration rate
a Strength of guideline in parentheses. Recommendation graded as A to D, ranging from evidence from randomized controlled studies to that

based on expert opinion alone
b Quality of evidence and strength of guideline graded in parentheses. Quality of evidence graded as A for very high quality to D for very low

quality. Strength of recommendation graded as level 1 for recommendation and level 2 for suggestion, based on quality of evidence, balance

between desirable and undesirable effects, costs, and uncertainty or variability in preferences (KDIGO 2012) [75]
c Urine protein trace or nil or urine protein to creatinine ratio \200 mg/g (\20 mg/mmol) for 3 consecutive days
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with frequent relapses [94]. However, the latter findings

need confirmation.

Corticosteroid-Sparing Agents

The additional use of an alternative agent should be con-

sidered in patients with (i) prednisolone threshold (for

maintaining remission) higher than 1.0 mg/kg on alternate

days or (ii) features of corticosteroid toxicity (growth

failure, hypertension, cataract) [68, 71, 76]. The agents

used are listed below and in Fig. 2 and Table 2. Based on

findings of a meta-analysis that mizoribine and azathio-

prine are no more effective than placebo or prednisone

alone in maintaining remission [74], these agents are not

recommended for management of frequent relapses or

steroid dependence.

Levamisole This is an important steroid-sparing agent in

many parts of the world, especially in patients with mild

degree of steroid dependency. Levamisole, used in 5 ran-

domized studies at 2–2.5 mg/kg on alternate days for

4–12 months, showed reduction in risk of relapses by 57 %

[relative risk, RR 0.43; 95 % CI 0.27,0.68] [74]. The

medication is well tolerated with few adverse effects

including neutropenia, seizures, cutaneous vasculitis, and

hepatotoxicity. Since levamisole does not reduce steroid

requirement substantially, patients with high threshold or

marked toxicity might not do very well, and should receive

more potent agents. While KDIGO guidelines recommend

levamisole as a steroid-sparing agent, two RCTs are eval-

uating its efficacy in comparison to placebo and myco-

phenolate mofetil [The Netherlands, ISRCTN23853712

and India, CTRI/2012/02/002394, respectively].

Alkylating agents Meta-analysis of 5 RCT, on 134

patients, comparing cyclophosphamide or chlorambucil

and prednisone to prednisone alone shows that these agents

reduce the risk of relapse at 6–12 months [RR 0.43; 95 %

CI 0.31, 0.60] and 12–24 months [RR 0.20; 95 % CI 0.09,

0.46] [74]. Adverse effects are common, including leuko-

penia, hemorrhagic cystitis, alopecia, nausea, and vomit-

ing, and with prolonged use, gonadal toxicity, and

malignancies. While the efficacy of the two agents is

similar, therapy with chlorambucil is avoided due to high

toxicity, including seizures. The efficacy of IV and oral

cyclophosphamide is perhaps similar; the former might be

a choice if there are concerns about compliance with oral

therapy. Benefits of therapy with cyclophosphamide are

better in patients with frequent relapses compared to ste-

roid dependence, and in older ([7 year) than younger

patients [68, 71].

Mycophenolate mofetil (MMF) MMF inhibits inosine

monophosphate dehydrogenase, limiting T and B lym-

phocyte proliferation and cytokine gene expression. Over

the last decade, several uncontrolled retrospective and

prospective studies have reported that MMF (dose

600–1000 mg/m2/day or 20–25 mg/kg/day) has steroid-

sparing effects and reduces relapse rates without significant

toxicity in patients with frequent relapses or steroid

dependence [96, 97]. Side effects are few and include

leukopenia, abdominal pain, and diarrhea. A recent multi-

center, open label, crossover study in 60 children showed

no difference in the proportions in sustained remission

during 1-year therapy with cyclosporine (85 %) and MMF

(64 %), but the time to first relapse was longer with

cyclosporine therapy (Table 3) [81]. Adverse effects were

comparable, but therapy with MMF was associated with

higher levels of cystatin clearance, estimated GFR, and

hemoglobin. The authors concluded that MMF is a useful

agent particularly due to the lack of nephrotoxicity. In a

small Bayesian trial (n = 24), Baudouin et al. demon-

strated that use of MMF in patients with steroid-dependent

nephrotic syndrome was associated with significantly

reduced risk of relapse (17.6 % at 6 months; 95 % CI 5.4,

35.0) and 75 % reduction in steroid requirement [98].

Studies are examining the relative efficacy of MMF in

patients with frequent relapses or steroid dependence

[cyclophosphamide NCT01092962; levamisole CTRI/

2012/02/002394]. KDIGO suggests the use of MMF, for

12–24 months, in patients with steroid-dependent nephro-

tic syndrome [68].

Calcineurin inhibitors (CNI) Observational studies show

that cyclosporine A and tacrolimus maintain remission and

enable steroid sparing in 60–90 % patients with steroid-

dependent nephrotic syndrome who fail treatment with

alkylating agents [99, 100]. The efficacy of these agents

relative to placebo or to each other has not been examined.

While 2 RCT found that efficacy of cyclosporine was

comparable to alkylating agents [RR 0.91; 95 % CI 0.55,

1.48], patients relapsed when therapy with cyclosporine

was discontinued [68, 74]. Information on tacrolimus use is

limited to non-randomized studies, but the agent is pre-

ferred due to lack of cosmetic adverse effects (hirsutism,

gum hyperplasia) [100]. With either agent, therapy requires

to be administered for at least 12 months with monitoring

of drug levels (target trough 4–7 ng/ml for tacrolimus and

80–150 ng/ml for cyclosporine) [68]. Chief adverse effects

include acute and chronic nephrotoxicity (with both CNI),

hypertension and hyperlipidemia (chiefly with cyclospor-

ine), and hyperglycemia (chiefly with tacrolimus).

Rituximab Multiple case series, summarized in a recent

review [64], have reported benefits of B cell depletion with

rituximab in patients with steroid-dependent nephrotic

syndrome who fail treatment with immunosuppressive

agents. Treatment with one or more doses of rituximab is

reported to result in remission lasting 3–12 months, with

25–83 % patients showing sustained remission. A large
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series, on 101 patients with steroid dependence, found that

therapy with rituximab was associated with 81.8 %

reduction in relapse rates [101•], comparable to 62–95 % in

previous reports [64].

Controlled studies on the efficacy of rituximab are

limited to three recent studies, one showing superior effi-

cacy of rituximab when compared to placebo [82], one

showing non-inferiority of rituximab, low doses of CNI

and prednisone to CNI and prednisone alone [83]

(Table 3), and a single limb study showing steroid sparing

with improved growth velocity in patients with difficult

steroid dependence [102•]. A retrospective case control

study showed that 2 doses of rituximab were as effective as

12-months’ treatment with tacrolimus [103]. Current clin-

ical practice guidelines-suggest that treatment with ritux-

imab is to be considered in patients with steroid-dependent

nephrotic syndrome who fail to respond to conventional

agents, including CNI, and/or have serious adverse effects

of therapy [68, 71]. However, reports of efficacy and safety

of rituximab are likely to result in increased use of this

agent in preference to CNI and/or MMF.

Management of Steroid-Resistant Nephrotic Syndrome

Therapy of patients with steroid-resistant nephrotic syn-

drome is difficult, with variable response to immunosup-

pression, adverse effects of prolonged therapy, and risk of

progressive renal damage. Table 4 summarizes recent

guidelines on the evaluation and management of patients

with steroid resistance [69–71]. The aim of therapy is to

induce and maintain remission of proteinuria, while

avoiding medication-related adverse effects. Definitions of

response to therapy are listed in Table 4. Patients are

monitored closely until response to therapy is demon-

strated, and then every 2–3 months [69, 75]. While com-

plete remission is associated with high rates of survival free

of end-stage renal disease (ESRD) [104], there are data that

partial remission is associated with satisfactory outcomes,

compared to those with non-response [105].

Immunosuppressive Protocols

Most regimens use a combination of an immunosuppres-

sive agent with prednisolone given on alternate days, and

an angiotensin converting enzyme inhibitor (ACE-I) or

angiotensin-receptor blocker (ARB) (Table 4) [69–71,

106].

CNI (Cyclosporine, Tacrolimus)

Following evidence from RCTs demonstrating superior

efficacy for cyclosporine (5 studies) and tacrolimus (2

studies) in inducing and maintaining remission in

46–100 % patients, therapy with CNI is considered ‘first

line’ for patients with steroid resistance [70, 71, 106].

While a randomized multicenter trial in the United States

enrolling adults and children with FSGS showed relatively

low rates of remission with either cyclosporine (45.8 %) or

the combination of mycophenolate mofetil with pulse

dexamethasone (33 %) (P = 0.11) [832], a study from

India showed high rates of complete or partial remission

using tacrolimus (82.5 %) as compared to IV cyclophos-

phamide (45.9 %) in children with FSGS or MCD

(P \ 0.001) (Table 3) [85]. The reasons for variable out-

comes may relate to differences in definitions of steroid

resistance, histology, or prevalence of inherited defects.

Cyclosporine and tacrolimus showed comparable efficacy

and low rates of adverse effects in another RCT [107].

Examination of renal histology is advised in patients

receiving prolonged therapy (2-3 years) with CNI; specific

features of CNI nephrotoxicity include nodular arteriolar hya-

linosis and striped interstitial fibrosis [69]. Risk factors for

nephrotoxicity include prolonged duration of therapy

([2–3 years) and persistent heavy proteinuria ([1–3 months)

[108]. The decision to continue calcineurin inhibitors therapy

should be reviewed in patients showing non-response to pro-

teinuria despite 4-6 months of therapy.

Consensus is lacking on the optimal duration of treat-

ment with CNI. While guidelines suggest continuing

therapy for 12 months or longer in patients that show

complete or partial remission (2C) [69–71], in practice, the

agent is continued for 2–3 years, followed by one of the

following options: (i) taper to the lowest effective dose,

and continue for another 1–2 years; (ii) exclude nephro-

toxicity on renal histology and then continue therapy; (iii)

switch treatment to a less toxic agent, e.g., MMF or rit-

uximab. An RCT is evaluating the non-inferiority of

switching therapy at 6 months to MMF, after inducing

remission with tacrolimus [CTRI/2012/05/002636].

Cyclophosphamide

Meta-analyses demonstrate that the proportions of patients

with remission are similar between patients treated with

oral cyclophosphamide and prednisone compared to those

receiving prednisone alone [RR 1.06; 95 % CI 0.61, 1.87]

[106]. The efficacy of IV cyclophosphamide (administered

monthly at 500 mg/m2 for 6 pulses) was not superior as

compared to oral cyclophosphamide with [RR 3.13; 95 %

CI 0.81,12.06] or without IV dexamethasone [RR 1.13;

95 % CI 0.65,1.96] in one study each [106]. Contrary to the

results of a recent RCT in children [84], tacrolimus and IV

cyclophosphamide had similar rates of remission (complete

or partial) at 6 months (66.7 vs. 55.6 %; P = 0.77) and

12 months (77.3 vs. 66.7 %; P = 0.97) in 33 Chinese
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adults with steroid-dependent or steroid-resistant FSGS

[109]. Given the overall limited efficacy in pediatric

patients and risks of significant toxicity, KDIGO and

Canadian guidelines suggest not using cyclophosphamide

for patients with steroid resistance [70, 71]. However, the

easy availability and relatively low cost of IV cyclophos-

phamide make it a useful option in resource-limited set-

tings [69].

Pulse Corticosteroids with Oral Cyclophosphamide

Pulses of IV methylprednisolone or dexamethasone have

been used in combination with oral cyclophosphamide with

modest efficacy and high risk of steroid toxicity; patients

are at risk of systemic infections, hypertension, and elec-

trolyte abnormalities [106]. Combination of the above

agents is no longer recommended for management of ste-

roid resistance [69–71].

Mycophenolate Mofetil

MMF has been tried with limited success in patients with

steroid resistance, including in a recent randomized trial

[84]. Its use may be more beneficial in patients who have

achieved remission with CNI, and may help mitigate CNI

dependence and toxicity [69, 71, 110].

Rituximab

Despite initial interest [111], the efficacy of rituximab in

inducing remission in patients with steroid and CNI-resistant

nephrotic syndrome appears limited [64]. Experience on

treatment with rituximab in various series, summarized in a

recent review [64], shows that the agent induces complete

remission in 0–27.3 % and partial remission in 21.2–37.5 %

patients at 4–8 weeks. A randomized controlled trial on 31

children with steroid and CNI-resistant nephrotic syndrome

failed to show benefits of additional rituximab therapy in

ameliorating proteinuria at 3 and 6 months (Table 3) [86]. A

review of experience at our center in 58 patients with steroid

and CNI resistance confirms the limited efficacy, with

complete and partial remission in 12.1 and 17.2 % patients,

respectively [101]. Similar to previous findings [64],

response to rituximab was better in patients with prior

response to CNI and unsatisfactory in those with FSGS.

Therapy with rituximab may be useful in maintaining

remission in patients with steroid resistance that shows a

relapsing illness and CNI dependence. Treatment with this

agent was associated with 71 % reduction in relapse rates,

with withdrawal of CNI in 95 % and corticosteroids in 72 %

patients with CNI-dependent steroid resistance [101].

Other Agents

KDIGO suggests the use of MMF (2D), high-dose steroids

(2D), or combination of CNI and MMF (2D) in patients with

steroid and CNI resistance [70]. Other therapies that have

shown promise, in anecdotal reports, include the combina-

tion of cyclosporine and mycophenolate mofetil [112],

abatacept [37], lipid column apheresis [113], galactose

[114], the protease inhibitor saquinavir [30], TNF blockade

with etanercept [115], and ACTH gel [116]. These agents

require evaluation in larger prospective studies.

Angiotensin-converting enzyme (ACE) inhibitor or

angiotensin-receptor blockers Therapy with ACE inhibitors

(enalapril 0.3-0.6 mg/kg/day, ramipril 6 mg/m2/day) is

associated with decrease in proteinuria and control of

hypertension. Adverse effects include dry cough, hyperka-

lemia, and decline in renal function; therapy is discontinued

if hyperkalemia develops or estimated GFR \ 30 ml/min/

1.73 m2. Angiotensin-receptor blockers (e.g., losartan, val-

sartan) may be used in case of persistent dry cough with ACE

inhibitors, or as add-on therapy for better anti-proteinuric

effect. A recent RCT including 268 children demonstrated

that losartan and enalapril reduce proteinuria comparably in

children (reduction from baseline by 30.0 and 40.5 %,

respectively) [117]. While there are limited studies on the

efficacy of ACE inhibitor and ARB combination in children,

meta-analyses of studies in adult patients caution against

significant adverse events (hyperkalemia, hypotension,

nephrotoxicity) associated with dual blockade of the renin

angiotensin aldosterone system (RAAS) [118••].

Vitamin D A systematic review of 6 randomized con-

trolled studies in 688 adult patients showed that vitamin D

analogs (paricalcitol, calcitriol) reduce residual proteinuria

[weighed mean difference -16 (95 % CI -13, -18) % vs. 6

(95 % CI 0, 12) %; P \ 0.0001] with high odds of achiev-

ing C 15 % proteinuria reduction from baseline [OR, 2.72;

95 % CI 1.82, 4.07; P \ 0.001] [119•]. Therapy may be

associated with risk of hypercalcemia [RR 4.78; 95 % CI

2.20, 10.37] [120] and there is no evidence to suggest that the

intervention retards the decline of renal function [119•, 120].

Therapeutic options available for patients with steroid-

dependent and steroid-resistant nephrotic syndrome are

summarized in Fig. 2.

Outcomes

Most patients with steroid-sensitive nephrotic syndrome

show highly satisfactory renal outcomes. While morbidity

due to infections has declined with rapid diagnosis and use

of vaccines, toxicities associated with repeated course of

corticosteroids remain a major concern in managing

patients with frequent relapses or steroid dependence.
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Follow up of the initial ISKDC cohort revealed that almost

80 % patients were in sustained remission at 8 years from

diagnosis [66]; however, other series suggest that 27–42 %

patients continue to relapse into adulthood [121, 122]. Ten

year follow up of patients who received cyclosporine for

frequent relapses in a randomized study showed that 17.4

and 50 % continued to suffer infrequent or frequent

relapses, respectively, into adulthood [123•]. Relapses

recurred in adulthood in 16.4 % patients, chiefly among

patients with frequent relapses [124].

Outcomes in patients with steroid resistance are less

satisfactory. Patients with minimal change disease dem-

onstrate higher rates of remission and better prognosis than

those with FSGS; however, the chief factor predicting renal

outcome is the response of proteinuria to therapy rather

than histology. Renal survival varies from 71.5 % [125] to

94.3 % [126] at 5 years. Resistance to calcineurin inhibi-

tors and FSGS on histology predicts adverse outcomes. A

recent study on 29 patients with late steroid resistance

followed for 85 ± 47 months reported that 66 % patients

were in complete or partial remission and \10 % showed

end-stage renal disease (ESRD) [127].

Recurrence of FSGS After Renal Transplantation

Almost 30 % of patients with idiopathic FSGS that

undergo renal transplantation develop recurrence of FSGS

in the first allograft, leading to increased risk of delayed

graft function and high rates of graft loss (30–50 % at 5

year) [39]. Recurrence of proteinuria usually occurs

within hours to days after the transplant, and is charac-

terized by progressive hypoalbuminemia and foot process

effacement on electron microscopy. After the loss of the

first allograft, the risk of recurrence of FSGS in sub-

sequent kidney transplants is 80–100 %. Features associ-

ated with FSGS recurrence include (i) rapid progression

to end-stage renal disease (within 3 years from onset), (ii)

disease onset in childhood (\15 year), (iii) mesangial

proliferation on renal histopathology, (iv) non-genetic
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Monitor for renal dysfunction

#Options
Add (or switch to) MMF

Rituximab 2-4 doses
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Fig. 2 Immunosuppressive agents in nephrotic syndrome. The agents

listed for frequent relapses or steroid dependence are usually

recommended in a successive order from top to bottom. Agents

marked with an asterisk (*) are preferred in patients with significant

steroid toxicity (cataracts, severe stunting or obesity) or if disease

relapses are associated with life-threatening complications (thrombo-

sis, severe infections). Patients with steroid resistance should receive

treatment with a calcineurin inhibitor along with an angiotensin

converting enzyme inhibitor (ACEI) or angiotensin-receptor blocker

and tapering doses of prednisone. Since response to other immuno-

suppressive strategies is less satisfactory and non-response to CNI is

associated with adverse outcomes, further immunosuppression should

be considered only following counseling regarding efficacy, safety,

and costs of various options, including withdrawing

immunosuppression
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forms of FSGS, (v) nephrectomy of native kidneys prior

to transplant, (vi) white ethnicity, and (vii) delayed rather

than initial resistance [128, 129]. Disease recurrence is

attributed to circulating permeability factors, with studies

suggesting a role for soluble urokinase receptor (suPAR)

and increased TNF-a activity [43, 115]. A panel of

antibodies against 7 glomerular antigens (CD40, PTPRO,

CGB5, FAS, P2RY11, SNRPB2, and APOL2) is reported

to predict post-transplant FSGS recurrence with 92 %

accuracy [129].

Pre-transplant plasmapheresis is the most widely used

strategy to decrease the risk of recurrence of FSGS in

kidney transplant recipients [130]. A recent study suggests

that peri-transplant administration of rituximab prevents

recurrence by stabilizing the podocyte cytoskeleton [63].

While there is no consensus on optimal therapy of patients

with recurrent FSGS, options include (i) intensive plas-

mapheresis [131]; (ii) rituximab (375 mg/m2/week for

2–4 weeks) [132•]; (iii) aggressive immunosuppression,

including administration of high-dose cyclosporine, oral

cyclophosphamide (2–2.5 mg/kg/day for 3 months) instead

of MMF, and use of IV immunoglobulin (500 mg/kg/dose

once a week); and (iv) ACE inhibition.

Summary

Nephrotic syndrome is an important chronic disease in

childhood, characterized by steroid-sensitive illness in

most patients. Research on pathogenesis has emphasized

the importance of T-lymphocyte dysregulation and vascu-

lar permeability factors that might alter podocyte function

and glomerular permselectivity. Mutations in genes that

encode important podocyte proteins and therapeutic targets

within the podocytes have been identified. However, a

hypothesis unifying available evidence on pathogenesis is

yet to be proposed. A significant proportion of patients

have difficult disease course, characterized by frequent

relapses, steroid dependence, or steroid resistance, requir-

ing therapy with alternative immunosuppressive agents.

Clinical studies support the use of levamisole, cyclophos-

phamide, mycophenolate mofetil, calcineurin inhibitors,

and rituximab in patients with frequent relapses or steroid

dependence. The management of steroid-resistant nephro-

tic syndrome is difficult, and patients failing to achieve

remission show progressive renal damage. Calcineurin

inhibitors induce remission in the majority of patients but

carry risk of nephrotoxicity with prolonged administration.

Prospective trials in patients with frequent relapses, steroid

dependence, and resistance are the bases of current inter-

national guidelines and ongoing studies are necessary to

identify effective and safe therapies.
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