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Childhood idiopathic nephrotic syndrome

• Acute onset of heavy proteinuria, hypoalbuminaemia
and oedema

• 2-3/100,000 children per year in UK but 4-6 x increased 
incidence in Sri Lanka

• Modal age of presentation 2-3y; boys > girls

• Highly responsive to corticosteroid therapy

• 80% develop disease relapses

• 50% develop FRSSNS, needing use of more potent 
immunosuppressive therapies



What do we want for a child with newly-presenting 
nephrotic syndrome? 

Cure at first presentation

Long-term remission

Minimise relapse frequency

Minimise drug toxicity



Overview

1. What’s the best initial treatment? 

2. How best to use steroids with relapsing disease?

3. Which steroid-sparing drug is best at preventing relapses?

4. How do we predict disease course early on?

5. What causes nephrotic syndrome?

6. What does the future hold for treatment options?







What’s the best initial 
treatment? 



UKKA 
Harmonisation



ISKDC regimen

• Prednisolone:

• 60 mg/m2 (max 80 mg) daily 
for 4 weeks

• then 40 mg/m2 (max 60 mg) 
on alternate days for 4 weeks

• ‘Gold standard’ regimen against 
which all others have been 
compared



No benefit to initial prolonged steroid course



Is 12 weeks better than 8?
Schijvens, 2021

• ISKDC = 4 weeks + 4 weeks

• APN = 6 weeks + 6 weeks

• IPD meta-analysis (PREDNOS vs 
Teeninga, 2013)

• Shorter time to first relapse in 
APN regimen

• But similar outcomes at 24 m



Are there demographic differences in steroid 
response? 

• Teeninga, 2021: children <4 have shorter time to first relapse

• Sinha, 2014: children <3 may benefit from longer initial course 
(lower risk of relapse but not FRNS)

• PREDNOS: children ≤5 may have longer time to first relapse with 
extended course

• BSA versus weight-based dosing?



Sinha, 2026

• IPD meta-analysis of standard versus 
extended steroid

• Patient/disease variants as confounders

• Age >2.5 and initial cumulative 
prednisolone dose >3.135 g/m2 

reduced risks of the first relapse and 
frequent relapse

• Advises 12 week initial steroid course



Use of adjunctive non-steroid 
immunosuppression at first presentation

• Hoyer and Brodehl, 2006: 

• CsA on remission made no difference to 
disease course

• Zhang, 2014: 

• 211 children with new NS

• Open label RCT

• Standard treatment: 2 mg/kg daily 4 w 
+1.5 mg/kg alt days for 4 w + slow taper

• IMP: std + azithromycin 10 mg/kg for 3 d

• Shorter time to remission with AZM

• No difference at 6 months



NEPHROVIR-3, 2022

• Levamisole for 6 months after initial remission

• 30% better relapse-free survival at 12 months

• LEARNS study (Netherlands) due to complete this 
year

Dossier, ESPN 2024



INTENT: Benz, 2026

272 children randomised within 
5 days of initial remission

MMF for 12 w
and Pred 40 mg/m2 alt 

days for 2 w
n=136

Pred 60 mg/m2 od for 6 w
then Pred 40 mg/m2 alt 
days for 6 w
n=136



How best to use steroids with 
relapsing disease?



PROPINE (Gargiulo, 2021)



RESTERN (Schijvens, 2017)



Kainth, 2021



Mattoo

2000

Abeyagunawardena

2008

Gulati

2011

Abeyagunawardena

2017

Findings
Lower rate of relapse 

p=0.04

Reduced infection-

associated relapses 

p=0.014

Reduced infection-

associated relapses 

p<0.01 

Reduced infection-

associated relapses 

p=0.014

Recruited sample size  

(completed trial)
36 (36) 48 as crossover (40) 100 (89) 48 as crossover (33)

Population

Low-dose 

maintenance 

prednisolone

Low-dose 

maintenance 

prednisolone

Low-dose 

maintenance 

prednisolone

Previous SDNS on no 

maintenance 

treatment

Age at recruitment 

(years)
7.2 / 6.8 5.3 6.5 / 6.8 12.3 / 9.9

Time from diagnosis to 

recruitment (months)
Not reported Not reported

9.8 for intervention 

and 10.5 for control

90 for intervention 

and 76.8 for control

Blinding No Yes No Yes

Other maintenance 

treatment
No No Levamisole in 32% No

Location Saudi Arabia Sri Lanka India Sri Lanka

Cochrane update 2020 (Hahn et al):
Clinicians are unlikely to use this regimen 
without additional data to confirm its 
efficacy and safety

PREDNOS 2, 2022



Can a lower dose of prednisolone be used 
effectively to treat relapses?

• Fewer short-term effects and long-term steroid side-effects

• Doses <60 mg/m2 commonly used ad hoc in the UK 

• Previous uncontrolled studies have demonstrated effectiveness:

• Choonara, 1989

• Raja, 2017

• Current studies are addressing weaning regimes but equivalent cumulative 
prednisolone dose



• 30 children with relapsing SSNS

• Randomised to prednisone 2, 1.5, or 1 mg/kg/day for 
treatment of relapse

• Time to remission: 
• 7.2 ± 1.4, 10.2 ± 5.1, and 9 ± 3.3 days respectively

• Mean cumulative prednisolone doses: 
• 45.5 ± 3.4, 42.7 ± 25.9, and 24.9 ± 7.4 mg/kg, respectively (P<0.05)



Sheikh et al, 2019

• 60 children with SSNS

• Randomised to treat relapses with:
• 1 mg/kg prednisolone (group A)
• 2 mg/kg prednisolone (group B)

• Mean time to remission:
• group A: 9.0 ± 2.2 days 
• group B: 8.6 ± 2.2 days
• Mean difference (95%-CI) 0.4 (0.7-1.6) days; P=0.49]

• Median (IQR) cumulative dose of prednisolone: 
• group A:  12.5 (9-18) mg/kg
• group B: 17 (14-21) mg/kg
• P=0.002

• No difference in number of future relapses at 6 months



OPEN trial (Larkins et al, Australia) 



Is it safe to stop steroids 
abruptly?



• PNNG advise not stopping 
steroids abruptly when given at 
NS doses (2021)

• NICE NG243 (2024): tapering 
steroids after high-dose for 3 
weeks

• BSPED position statement (2026)

• ISKDC regimen used for >50 
years

• Minimal reports of children with 
NS having symptomatic adrenal 
insufficiency (AI)

• Anecdotal reports of 
biochemical AI - ?significance



STARS study: Does Steroid Treatment cause AdRenal Suppression in 
children with idiopathic Nephrotic Syndrome treated with 
corticosteroids?

Cohort 1 – patients attending for synacthen tests for other indications (SST)

• Children aged 3-16 attending for a clinically indicated short synacthen test (SST) at 
one of the participating study hospitals

Cohort 2a – newly presenting with nephrotic syndrome (NS)

Cohort 2b – NS relapse (only if slow recruitment) (rNS)

• Children aged 3-16 diagnosed with iNS, planned to receive at least 4 weeks of 
corticosteroids at 60 mg/m2/day as initial treatment

• Children aged 3-16 with RNS requiring repeated courses of high dose steroids 



Study schema

Cohort 1

• SST and salivary cortisone (for validation)

Cohort 2a

• Salivary cortisone and symptom questionnaire at:

• Diagnosis + 6 weeks

• Diagnosis + 10 weeks

• Diagnosis + 14 weeks

• Low salivary cortisone triggers SST



Which steroid-sparing drug is 
best at preventing relapses?



Steroid-sparing drugs: initial recommendations
IPNA, 2021 KDOQI, 2025 Indian Soc Ped Neph Japanese Soc Ped Neph

Low dose pred or any SSA 
for FRNS
Lev/Cyc/CNI/MMF for 
SDNS

Cyc for FRNS
CNI/MMF for SDNS

Cyc/MMF for FRNS and 
SDNS
CNI for difficult to treat 
SDNS

No evidence to support 
one over another

UK harmonisation



Levamisole vs prednisolone
Sinha, 2024

• Prednisolone given alternate day, 
increased to daily during infections

• Prednisolone arm non-inferior

• Levamisole use reduced cumulative 
prednisolone use





Tacrolimus versus MMF

Wang, 2025







CONSIST – multiple interventions by trial 
emulation



Rituximab

• Serendipitous discovery in 2004

• Reorientated pathophysiology of NS

• MoA involves multiple cytotoxic pathways, including:

• complement-dependent cytotoxicity

• antibody-dependent cellular cytotoxicity

• induction of phagocytosis and apoptosis

• Depletes naïve and memory B-cells, but not plasma cells





Bigatti et al,B-cell-targeting therapies in podocytopathies, Pediatr Nephrol, 2026 

Rituximab is effective in nephrotic syndrome



Clinical and immunological factors that determine the 
treatment outcomes after rituximab in children with SDNS

Chan et al, cJASN, 2023



Rituximab toxicity

• Infusion reactions

• Anti-drug antibodies

• Late-onset neutropenia

• Attenuated vaccine responses

• Hypogammaglobulinaemia





Deng, 2026



Outstanding questions with rituximab 

• What’s the optimal dose?

• To use with or without concomitant immunosuppression?

• Where should it fit in the algorithm?

• Are repeat doses safe?

• Is it equally effective/safe in all ages? 



Chan, Kidney Int, 2020

Low: 375 mg/m2

Medium: 750 mg/m2

High: 1125-1500 mg/m2



Chan, 2022





Rituximab at first remission? 

• 44 children with new NS

• Median age 4.3 y

• Prospective open-label, single arm

• Single dose 375 mg/m2 given one 
week after remission

• Historic controls

• RFS at 12 m: 74 v 30%

• No significant toxicity

Liu, 2024



Should rituximab be the first steroid-sparing 
drug?

• Effect at 2 years is no better than 
other SSDs

• Memory B-cell repertoire takes 
until 10 years to reach stable 
repertoire

• Potential reduction in vaccine 
competency

Vivarelli & Colucci, 2025

• Good safety profile compared to 
other SSDs

• Efficacy likely better when given 
early

• Hypogammaglobulinaemia risk 
may relate more to repeat doses 
and concomitant i/s

Dossier & Hogan, 2025

NO YES





Obinutuzumab

• Second-generation, fully humanised anti-CD20

• Desgined to overcome rituximab failure in B-cell malignancies 

• Glycoengineered to enhance interaction with Fc-gamma receptors to resist 
internalisation resulting in more potent B-cell depletion

• Increased efficacy over rituximab demonstrated in lupus

• Paediatric NS cohort data suggest low-dose obinutuzumab may be more 
efficacious than rituximab in preventing relapses

• Some UK experience – do we need to write up? 



INShore

• Randomised (1:1) open label trial of obinutuzumab vs MMF

• 85 individuals with iNS aged 2 to 25 with SDNS or FRNS

• Primary outcome: % in each arm with sustained CR at 1 year

• Obi 1g x 2 doses week 0 & 2 and repeated week 24 & 26 (20 mg/kg in <45 kg)

• MMF 600 mg/m2 bd for 52 weeks

• Roche reported in Oct 2025 that primary outcome was met: 
https://www.roche.com/media/releases/med-cor-2025-10-28

https://www.roche.com/media/releases/med-cor-2025-10-28


OBIRINS
Dossier et al (protocol: BMJ Open, 2025)

• French multi-centre study

• DBRCT, 1:1

• Children aged 3 to 17 with SDNS or FRNS

• Ritux 375 mg/m2 single dose vs obi 300 mg/m2 single dose

• Primary outcome: occurrence of first relapse within 12 m

• Recruitment from October 2023, aiming to close in October 2025 and for study 
completion in October 2027



What do we want for a child with newly-presenting 
nephrotic syndrome? 

Cure at first presentation

Long-term remission

Minimise relapse frequency

Minimise drug toxicity



How do we predict disease 
course early on?



Clinical features that predict disease outcome

• Initial steroid sensitivity in children with steroid-resistant nephrotic syndrome 
predicts post-transplant recurrence (Ding, 2014)

• Factors predicting risk of frequent relapses in 277 children followed for one 
year from diagnosis (Dakshayani, 2018):

• Young age at onset (under 5)

• First relapse within 6 months

• Relapses associated with infection

• Time to initial remission predicts relapsing course (Sinha, 2026)



Biomarkers with prognostic potential

Lazaruc, Med Sci (Basel), 2026



Higher circulating levels of memory B-cells prior to 
rituximab predict risk of relapse

Colucci, Kid Int 2023



The anti-nephrin antibody (ANA) story

• Circulating ANA are present during active disease in some 
children with MCD

• Circulating autoantibodies to nephrin are present in 
patients with MCD and punctate IgG on biopsy

• Pretransplant ANA are associated with post-transplant 
proteinuria

Watts, JASN, 2022



Hengel, 2024, NEJM

• Replicated presence of ANA in 
large multi-centre cohort of 
adults with MCD/FSGS and 
children with iNS

• Quantitative assessment of 
ANAs

• Correlation with disease 
activity

• Correlation with 
immunosuppression



Other anti-slit diaphragm antibodies exist and may 
explain more complex NS

Raglianti, 2026

Grahammer, 2012



B-cell depleting therapies

• Anti-CD20 MABs

• Anti-CD38

• Anti-BAFF

• Anti-APRIL

• CAR T cells

Floege, 2026





Chan and Boyer, 2025



Angeletti, 2026



From Muhlig et al, 2026



Summary

• Childhood iNS treatment is still primarily steroids after 50 years

• More steroid for initial course but less for relapses? 

• Anti-CD20 monoclonal antibodies increasingly important as steroid-sparing agents

• Obinutuzumab looks more promising than rituximab

• Newer B-cell depleting therapies offer still further hope

• Biomarkers offer the potential for more directed therapies

• Recent discovery of anti-nephrin antibodies may lead to a paradigm shift in iNS management



Questions? 



• Decisions based on LT prognosis; no RCT >2 years duration

• Early studies of Cyc show better LT remission than for CNI-era

• Early use of rituximab may give better LT remission



Adult prognosis for childhood iNS

n Population Relapses into adulthood

Trompeter, 1985 152 SSNS 5.5%

Fakhouri, 2003 102 SSNS, 1970-1975 42%

Rüth, 2005 42 SSNS 33%

Skrzypczyk, 2014 61 SSNS 16%

Aydin, 2019 50 SDNS and SRNS 9%

Fujinaga, 209 44 SDNS, MMF after CNI 66%

Korsgaard, 2019 39 SSNS 31%

Takemasa, 2024 81 SDNS and SRNS 54%


