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No major developments, but we have learned 
how to use better established therapies

Recent progresses in the treatment of SSNS



Prednisone

Steroid toxicity



Idiopathic nephrotic syndrome in children

Noone et al, Lancet 2018



Idiopathic nephrotic syndrome in children

Noone et al, Lancet 2018



Idiopathic nephrotic syndrome in children

Noone et al, Lancet 2018



Treatment protocols for SSNS in children: initial presentation

Noone et al, Lancet 2018



Noone et al, Lancet 2018

Treatment protocols for SSNS in children: relapses



Question 1

How does the intensity of the initial steroid treatment affects disease 
outcome at 24 months?

1. higher PDN dose allow to decrease the cumulative dose of PDN

2. lower PDN dose allow to decrease the cumulative dose of PDN

3. the initial PDN dose has little impact on the outcome at 24 months

4. none of the above is correct



Kidney International (2015)

Relapse-free survival. 
The proportions with sustained
remission in patients treated for 6 
months and 3 months were similar
at 12 months (46.7 vs. 36.2%), at 24 
months (34.1 vs. 26.8%), and at
last follow-up (28.4 vs. 26.8%). 

Evolution according to the initial therapy 3 vs 6 months



Kaplan–Meier estimates of time to first relapse.

Evolution according to the initial therapy 2 vs 6 months

Kidney International (2015)



Treatment at disease onset

BMJ 2019

§ 237 children aged 1-14 years
§ first episode of SSNS
§ Placebo-controlled double blind RCT

16 vs. 8 week course of prednisolone
(total dose 3150 mg/m2 vs. 2240 mg/m2) 



Hoyer P. Kidney Int 2015

PDN therapy at onset has no impact on long-term outcome



Teeninga et al, JASN 2012

PDN tapering or not?



Steroid sparing agents in SDNS and FRNS

Drug Efficacy Indication Comments

Cyclophosphamide +++ FRNS/SDNS Severe cases often relapse rapidly

Levamisole +++ FRNS Few RCTs / ANCA-associated disease

Calcineurin inhibitors +++++ SDNS Side effects

Mofetil mycofenolate ++++ FRNS/SDNS Often need to use high doses (> 600 mg/m2)

Rituximab ++++ FRNS/SDNS May compromise immunological memory



Question 2

How does levamisole works?

1. inhibit humoral immune responses

2. decreases PMN cells survival

3. has an indirect effect on T cells

4. all of the above are correct



Levamisole

§ Anti-helminthic agent

§ Immunomodulatory properties:
• enhances humoral immune response
• enhances PMN cells survival
• stimulates chemotaxis 
• macrophage activation
• indirect effect on T cells via: 

Ø activation of dendritic cells → CD4 pos T-cells
Ø interleukin 18 and interferon g → Th1

§ Historically used for: 
• solid tumors
• immunological conditions 

(oral aphtous ulcers, Behcet syndrome, nephrotic syndrome)

§ Withdrawn from the market in in most western countries

§ Used in several under-resourced countries (cheap!) Vivarelli and Emma,  Kidney Int 2019



Levamisole

Gruppen et al, Kidney Int 2018

§ Multicentric, placebo controlled RCT

§ 99 children with FRNS/SDNS treated for 12 months

§ Good safety profile
• 4 cases of non-symptomatic neutropenia

ü 2 resolved spontaneously 
ü 2 resolved after discontinuation

• 1 case of ANCA-associated arthritis

§ Subgroup analysis: higher effectiveness in Indian children
• India: 58% FRNS
• Europe centers: 11% FRNS

26%

6%



Candidates to levamisole therapy

Kemper and Neuhaus, Kidney Int 2018



ANCA-associated disease under levamisole therapy

• Some children develop arthritis and/or cutaneous vasculitis 
• On average of 2 years after starting levamisole
• ANCA positivity
• Reversible upon treatment discontinuation + steroids
• ANCA may persist for several months/years

Our recent experience:
Ø Monitoring of ANCA every 6 months
Ø 25 children treated for 2-4 years
Ø 5 (20%) developed ANCA, usually after >2 years
Ø Levamisole was always stopped: none developed symptoms Rongioletti et al, Br J Dermatol 1999



Levamisole vs MMF for FRNS

Kidney Int 2018

§ QOD levamisole 2.5 mg/Kg (n=73) 
vs. 

BID MMF 750-1000 mg/m2/d (n=76)

§ Stop PDN after 2-3 months

§ MMF was NOT superior to levamisole in:
• frequency of relapses
• likelihood of sustained remission
• corticosteroid sparing



MMF vs CsA

Gellermann et al, JASN 2013

CsA vs MMF MMF high vs MMF low



MMF AUC/C12

Adapted from Neumann et al, NDT 2008



If a patient is not well controlled with MMF:
§ If through levels are < 3 mg/ml, increase the dose
§ If through levels are > 3 mg/ml, measure AUC and increase the dose if the AUC is low 
§ If no access to MPA levels and no apparent side effects, prudently increase the dose

MMF for SSNS



If a patient is not well controlled with MMF:
§ If through levels are < 3 mg/ml, increase the dose
§ If through levels are > 3 mg/ml, measure AUC and increase the dose if the AUC is low 
§ If no access to MPA levels and no apparent side effects, prudently increase the dose

If a patient is well controlled with MMF but has high through levels:
§ If no apparent side effects, monitor 
§ If through levels are persistently high, measure AUC

MMF for SSNS



Rituximab for INS

Lancet 2014

FRNS/SDNS on other steroid-sparing IS therapies



RTX vs Tacrolimus for SDNS: RCT

2018

SDNS: NO previous steroid sparing therapies
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Rituximab for INS

Iijima et al, Lancet 2014 Basu B, JAMA Pediatrics 2018

SDNS: NO previous steroid sparing therapiesFRNS/SDNS on other steroid-sparing IS therapies



Kidney Int 2020

Retrospective analysis of 511 children treated with RTX

Dose of rituximab:
• Low dose: 375 mg/m2 (n=191)
• Medium dose: 750 mg/m2 (n=208)
• High dose: 1125-1500 mg/m2 (n=112)



Rituximab efficacy in SSNS

Disease
severity

Number of
RTX doses

Maintenance
immunosuppression



Rituximab for SSNS

Severity of INS Estimated 1 year remission 
rate w/o IS therapy

FRNS ~ 50-70%

SDNS ~ 30-40%

Severe SDNS <30%

SRNS <15%

Maintain IS therapy
or

Start with 2 doses and
repeat every 6 months
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Anti CD20 monoclonal antibosied for INS

Colucci et al, Ped Nephrol 2017

Anti-CD20 mAbs

Rituximab

Chimeric

Ofatumumab

Fully Human



Different reconstitution of memory cells post-RTX in non-relapsers

Colucci et al, JASN 2016



Question 2

Rituximab causes persistent hypogammaglobinemia in:

1. <5% of patients

2. 5-10% of patients

3. 10-15% of patients

4. >15% of patients



Long-term adverse events in 26 children with INS treated with RTX

Parameter N (%)

Treatment
One infusion 15 (58)
Multiple infusions 11 (42)
B-cell reappearance < 12 months 26 (100)

Serious adverse events
Infections (pneumonia, EBV, HZV, HHV6, encephalitis, otitis) 9 (35)
Lymphatic disorders (lymphadenopathy, leukopenia) 2 (8)
Thrombocytopenia 1 (4)
Allergic episodes 2 (8)
Moderate hypogammaglobulinemia (IgG<700 mg/dl) 7 (27)
Severe hypogammaglobulinemia (IgG<150 mg/dl) requiring Ig supplementation 3 (12)

5 years from the first infusion

>2 years from the last infusion

Frontiers Immunol 2019



Long-term adverse events in 26 children with INS treated with RTX

Younger age are at higher risk

Not dose dependent



Post-RTX hypogammaglobulinemia in 134 adults patients with rheumatoid arthritis

Frontiers Immunol 2019

Boleto et al, Sem Arthr Rheumat 2018



Hypogammaglobulinemia post-RTX

§ Inform about the possibility and implications of developing hypogammaglobulinaemia

§ Measure Ig levels before RTX and every 6-12 months thereafter

§ A low IgG level is not an absolute contra-indication to RTX

§ Symptomatic hypogammaglobulinaemia: 
no available evidence comparing antibiotic prophylaxis with immunoglobulin replacement therapy

§ Non symptomatic severe hypogammaglobulinaemia (e.g. < 2g/l): 
no evidence whether to treat, and how to treat



In conclusion

§ The initial PDN protocol does has limited impact on the outcome of SSNS
PDN tapering schedules have little rationale

§ CNI are efficient in severe forms of SSNS
(avoid prolonged treatment and high drug levels)

§ Levamisole is cheap and is efficient for the treatment of mild forms of SSNS
(monitor ANCA)

§ MMF is very effective, but patients may need high doses
(side effects usually parallel MPA levels)

§ The efficacy of RTX depends on the severity of NS and treatment schedules
Protocols should be adapted to the severity of the disease
Hypogammaglobinemia is a growing concern



Thank you

francesco.emma@opbg.net
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