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Outcomes in refractory INS

Trautmann, JASN 2017

97%

43%

Uffing CJASN 2020, TANGO project

• SRNS accounts for 10-12% children with ESKD
• Recurrence risk :  1st Tx : 50 %- 2nd Tx: 90 %
• Recurrence impacts graft function



What is refractory INS ?

Children

KDIGO 2021

IPNA recommendations, Ped Nephrol 2020

**Adequate dosing

« C0 CsA  80-120 ng/ml »                   ..150 -200 ng/ml
« C0 Tacrolimus  4-8 ng/ml »             ..10-15 ng/ml



What is refractory INS ?
Adults MCD Adults Steroid-Resistant FSGS

KDIGO 2021



Post-transplant recurrence

Weber & CERTAIN group, Ped transplant 2021
KI 2023



B-cell targeting therapies

• B-cell functions in auto-immunity

Abeles Annul Rev Immunol 2024 Chen Bio Pharmacol 2025



B-cell targeting therapies

Rituximab
Obinutuzumab
Ofatumumab
Ocrelizumab
Ublituximab

Daratumumab
Felzartamab

Atypical B-cells  
Response to BCTT ? 



B-cell targeting therapies - Safety

• Infusion related-reactions
• Infectious risk

• Bacterial/viral/fungal infections
• HBV reactivation
• VZV/HSV reactivation
• Progressive multifocal leukoencephalopathy (rare)

• Hematologic risk
• Late onset neutropenia

• Transient hypogammaglobuinemia
• Persistent hypogammaglobulinemia



B-cell targeting therapies : anti CD20

Benz  Ped Neph 2004 Deschênes Ped Neph 2020



Rituximab in SRNS

Bagga NEJM 2004

• CNI-R > 6m
• 4 RTX 375 mg/m2

• CR in 4/5, within 2-8 weeks after 4th RTX

Gulati CJASN 2010



Rituximab in SRNS

Magnasco JASN 2012

• RCT : 2 RTX 375 mg/m2  vs SOC
• N=31
• Under CsA (50-100 ng/ml) or FK (5-10 ng/ml)
• At least 6 months
• Age 7.9 yrs
• Outcome : change Pu at M3

✓ No benefit on adding RTX



Rituximab in SRNS

Nozu, Clin Exp Neph 2023

• Multicenter single arm study in Japan
• Under CNI + steroid for > 2m 
• 4 RTX 375 mg/m2  (max 500mg)
• MP 30 mg/kg (max 1g)
• N=6 children

Ir outcome : reduction of 50% of UPCR at D169
Iir outcomes : 2/6 CR + 2/6 PR 
Safety : 6 infections requiring ttt in n=3



Rituximab in SRNS

2015 NDT Sinha

• Monocentric retro 2006-2013
• N= 193 from India
• N=58  CNI-R > 6mths

✓ 7 complete remission (12%)
✓ 10 partial remission (17%)
✓ No response 70%
✓ Predictor of no response : FSFG 

OR 11 (95% IC 1.3-99.8; p=0.028) 



Rituximab in SRNS

Chan KI 2024

• Retrospective multiethnic stduy
• N=246 children from 19 countries
• including 146 CNI > 6 months
• Ethinicity : 64% South Asia, 23 % White, 7% East Asia, 5% others
• Age NS onset 5 yrs + 3.8, 53 % primary SRNS
• Histology : 27 % MCD, 57% FSGS
• Age RTX : 8.8 + 41



After 
Rituximab

20-30 % CR 
In SRNS

Rituximab in SRNS

Glauckler            MCD      183                                                                                                        CR 45% M12     Retro                                                                                                      
JASN 2025          FSGS      (40 SRNS)                                                                                       CR 36% M36 



B-cell targeting therapies : anti CD20

Benz  Ped Neph 2004 Deschênes Ped Neph 2020



Duration of B-cell depletion

Dossier, CJASN 2023

Relapse-free 
survival

Propensity score Matching 
47 OBI et 47 RITUX

92%
68%

RCT: OBIRINS in 88 FR/SDNS
RTX 375mg/m2 vs OBI 300mg/1.73m2

18

Badea - Hogan, unpublished

Obinutuzumab in difficult-to-treat SDNS

Dossier, BMJ 2025



Obinutuzumab in SRNS
✓National study – Italy
✓N=6 , Resistant to CNI-MMF-RTX
✓OBI D0-D15  375mg/1.73m2

✓Outcome : CR < 0.3 g/d, PR 0.3-3.5g/d

2025 KIR Angeletti
All 6 responded within 3 months : 3 CR and 3 PR, sustained at M12



Obinutuzumab in SRNS
✓National Retrospective study – France
✓N=16 children, 
✓1-4 weekly OBI infusion 1g/1.73m
✓Outcome : CR, PR, Pu reduction %

S. Damou, unpublished

Baseline characteristics CNI-R (N = 16)
Male (N, %) 11 (69%)
Subsaharian/Caribbean (N, %) 11 (69%)
Age at diagnosis, years (median, IQR) 13,51 (10,39-15,06)
Biological parameters at diagnosis

Albumin, g/L (median, IQR) 15,5 (11,5-26,5)
UPCR, g/mmol (median, IQR) 1,02 (0,57-1,2)

eGFR , ml/min/1.73 m² (median, IQR) 84,96 (68-107)
Serum creatinine, µmol/L (median, 

IQR) 73 (54,75-92)
Renal histology

MCD (N, %) 4 (25%)
FSGS (N, %) 12 (75%)

Genetics
APOL1 risk variants (N, %) 8 (50%)  

Prior therapies
Calcineurin inhibitor (N, %) 16 (100%)

Rituximab (N, %) 6 (37%)
Ofatumumab (N, %) 1 (6%)

Daratumumab (N, %) 1 (6%)
Immunoadsorption or PE (N, %) 3 (18%)All were primary SRNS

3/16 had a prior CR after 10, 16, 19m CNI
Age at obinutuzumab, years (median, 
IQR) 15.1 (14.3-17.3)Duration of CNI for this flare, months 9.8 (5.1-12)



Obinutuzumab in SRNS

Biology  (median, 
IQR)

At OBI (16) M3 (16) M6 (16) M12 (14)

eGFR ml/min/1.73m 80 (64-97) 77 (65-88) 90 (74-103) 74 (65-88)
Serum Albumin g/l 31 (28-36) 31 (28-38) 34 (28-37) 37 (33-39)
UPCR g/mmol 0.21 (0.15-

0.30)
0.25 (0.13-

0.42)
0.22 (0.11-0.46) 0.13 (0.10-

0.30)

✓National Retrospective study – France
✓N=16 children, 
✓1-4 weekly OBI infusion 1g/1.73m
✓Outcome : CR, PR, Pu reduction %

S. Damou, unpublished

Outcome N=6

PR at baseline

N=10

No response
Complete 
Remission

1/6 at M15 1/10 at M6

Partial Remission 0

Outcome M3 M6

UPCR reduction > 
30%

5/16 6/16

UPCR reduction > 
50%

1/16 2/16

2/16 (12.5%) complete remission
No response on UPCR in 10/16 at M6  (62.5%)



Obinutuzumab in SRNS
✓N=16 children, 
✓1-4 weekly OBI infusion 1g/1.73m
✓Outcome : CR, PR, Pu reduction %

S. Damou, unpublished



Ofatumumab in SRNS
✓RCT - NCT02394106
✓Resistant to > 6m CNI-MMF +/- RTX
✓OFA 1x 1500mg/1.73m2   vs placebo
✓Outcomes : CR < 0.2g/g at M3

PR < 2g/g or  %change UPCR > 50%

Interrupted after 13/50 inclusions : All 13 children remained nephrotic. ESKD in 5 children.

Ravani Ped Neph 2020



Summary on anti CD20

• Rituximab and  Obinutuzumab may be effective in refractory NS
• OBI offers a higher degree of B-cell depletion
• Need for larger multiethnic prospective studies 
• Need for biomarkers to better understand patient heterogeneity and predict 

treatment response 
• Role and contribution to the disease of different subsets of B-cells
• Issues : 

• depletion in tissue ? 
• Depletion of Atypical B cells ? 
• How to achieve sustained remission / immune recovery without remergence of 

autoreactivity ?



Post-transplant recurrence

Weber & CERTAIN group, Ped transplant 2021
KI 2023



Rituximab in NS recurrence
• Multicenter retrospective study, France

• N=19 adults
• N=6 immediately at recurrence
• N=10 after failure of initial tt IV-CsA –steroids-PE
• N=3 relapse at weaning of PE

• Complete remission 47 % + Partial Rem  
16% 

• 50% response in N=10+3 resistant cases

• Severe infection within 1st yr : 73% 

Pescovitz NEJM 2006

Garrouste Transplantation 2017



Obinutuzumab in NS recurrence

• Always associated to apheresis 
• Success for maintainaing remission after apheresis
• Less successful to induce remission in non responders

Delbet Ped Transpl 2023



Daratumumab in SRNS
• Humanized anti-CD38 mAb
• CD38 expressed on

• B lymphocytes and plasma cells
    >> T cells, NK, monocytes-macrophages, dendritic cells
• other cellules (neurones ..) 

• Mechanisms of action of anti-CD38

Kim, Clin PK, 2023



Daratumumab in SRNS

Inclusion criteria
✓ 3-24 yrs
✓ MD dependant or resistant for at least 6 months

•  > 2 relapses under double ttt (pred, MMF, CNI)
• Resistance to pred + CNI or MMF

✓ Post transplant Recurrence

Main Exclusion criteria
✓ RTX or CYC in past 6 months
✓ CD20 B < 2.5%
✓ eGFR < 60 ml/min/1.73m2

2023 Front Immunol Ghiggeri

• Single group, phase II Proof of concept, Dual 1 

• a before-after clinical trial testing the superiority of rituximab plus daratumumab (16 mg/kg) in 
maintaining drug free remission in patients with multi-drug dependent nephrotic syndrome

• NCT05704400

2023 AJT Angeletti
• 5 early NS recurrence
• Resistant to PE & RTX
• Complete remission in 5
• Well tolerated



Daratumumab in SRNS

2024 KIR Angeletti

• N=7 
• 4 CR
• 2 PR

• F-up 14 m (9-18)
• 5 relapses 
• successfully 

retreated



Aderse events with Daratumumab
• Infusion-related Reaction : 31 % (mild to moderate)

Prémédication 
With Salbutamol

long term follow up

2024 KIR Angeletti



Daratumumab in SRNS

unpublished

✓Monocentric Retrospective study – Robert-
Debré
✓N=5
✓4 weekly OBI infusion 1g/1.73m
✓Outcome : CR, PR, Pu reduction %Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age at onset, sex 10.9, male 17.8, male 5.7, male 7.1, male 6.4, male
Ethnicity caucasian african african caribbean african
Type of MRNS primary primary primary primary secondary
Kidney biopsy FSGS FSGS FSGS FSGS nd
Genetics
APOL1

negative
nd

negative
G1G1

negative
negative

negative
G1G1

nd
negative

Prior treatments Ciclosporin 
Tacrolimus 
Rituximab 

Tocilizumab

Tacrolimus Ciclosporin 
MMF 

Rituximab 
Ofatumumab

Tacrolimus 
Rituximab 

Obinutuzumab 
Tocilizumab

Tacrolimus 
Rituximab 

Obinutuzumab

Prior complete rem yes 
IA

no yes 
IA

yes 
tacrolimus

yes 
tacrolimus

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age at DARA 18.4 18.6 9.9 18.2 13.5
UPCR g/mmol 0.94 0.27 0.65 0.12 0.09
S. albumin g/l 15 27 23 42 33
S. creatinin µmol/l 94 114 72 112 38
eGFR 
ml/min/1.73m2 67 55 73 59 145
Nb of DARA 4 + 11 4 4 + 4 4 4
CNI no tacrolimus ciclosporin tacrolimus tacrolimus
anti CD20 OBI OBI at M+1 OBI no OBI at M+1
Ig supplementation yes no yes no yes
other treatment
 

RAASb RAASb
SGLT2i

RAASb RAASb RAASb

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Outcome after M6
No response 

to Belimumab
PR 

under IA
CR

under IA
PR

no IS
PR

tacrolimus

Biology  mean +
SD

DARA M1 M3 M6

eGFR 
ml/min/1.73m

91 77 (65-88) 90 (74-103) 74 (65-88)

Serum Albumin 
g/l

28 31 (28-38) 34 (28-37) 37 (33-39)

UPCR g/mmol 0.41 0.25 

(0.13-0.42)

0.22 

(0.11-0.46)

0.13 

(0.10-0.30)
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Daratumumab in SRNS

Unpublished, ongoing
national retrospective study

✓Monocentric Retrospective study – Robert-
Debré
✓N=5
✓4 weekly OBI infusion 1g/1.73m
✓Outcome : CR, PR, Pu reduction %
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• Multicenter retrospective, France
• N=7
• Complete remission under 

PE/IA, but relapse when spacing
out apheresis

• Intensive IA 1-4 DARA 1g/1.73m2

• Age NS onset 6 yrs
• Time to 1st IA 12 months
• Time to DARA 29 months
• Delay to IA discontinuation : 23d

ESPN 2022-OP

Daratumumab to maintain remission after 
apheresis in MRSN

PROCEDURE with DARATUMUMAB OUTCOME at last Follow-up

Patient

Age at
disease 

onset
Age at 
DARA

Type of 
Apheresis

Concomittant
Oral IS

Concomittant
anti CD20

N weekly 
DARA

Days to 
end of

apheresis
Months 

after DARA

Years
after

NS onset Treatment eGFR
S-Alb 
(g/l)

UPCR 
(g/mmol)

1 5,7 12,43 IA Csa OBI 4 107 27,9 9,0
ACEi

OBI-DARA 70 38 0,05

2 6,4 7,81 IA
Pred,  Tacro

MMF OBI 4 23 27,1 3,7
Pred,  Tacro
MMF, LVM 100 40 0,01

3 7,9 14,08 IA
Pred,  Tacro

MMF OBI 4 13 24,6 8,3
ACEi
OBI 90 33 0,01

4 5,5 6,54 IA Tacro OBI 4 18 35,0 3,9
ACEi

OBI-DARA 97 43 0,02

5 6,5 9,95 IA CsA OBI 4 62 22,0 5,3
ACEi

OBI-DARA 104 35 0,04
6 5,8 6,89 IA Tacro OBI 1 41 24,1 3,1 ACEi 101 41,6 0,02
7 10,8 12,1 IA Tacro OBI 4 94 13,7 2,4 ACEi 118 38,5 0,06



Daratumumab to induce remission in NS 
recurrence

• 2-yr girl, African ancestry

• MRNS : MP pulse, IV-CsA, 30 PE

• ESKD, binephrectomy M4

• DD – kidney transplant at 4yrs

• Relapse at H2

• IV-MP, tacro 10-15 ng/ml

• daily IA until D99

• OBI x 4

• Complete Remission with DARA 
1g/1.73m2 x4 weekly

Delbet Ped Transpl 2023



Daratumumab to induce remission in NS recurrence

Randone AJT 2024

Male, SRNS at 17yrs
Deceased Donor Tx at 21

Female, SRNS at 10yrs
Living Donor Tx at 14



Daratumumab to induce remission in NS recurrence

Angeletti AJT 2023



Daratumumab to maintain remission after 
apheresis in NS recurrence

Age Procedure with DARA

#
At

disease 
onset

At 
Kidney Tx

(range)

Mths
after

Tx

Type of 
Apheresis

Concomittant 
oral IS

Anti CD20
mAb

N 
DARA

Days to
end of

apheresis
1 13,6 16,2 (1) 2,5 IA Tacro-MMF-Pred OBI 2 50
2 5,9 12,0 (1) 76,3 IA Tacro-MMF-Pred OBI 1 46
3 8,6 12,3 (1) 17,0 EP CsA-MMF-Pred OBI 4 41
4 5,1 20,0 (2) 1,7 IA CsA-MMF-Pred RTX 4 33

• Multicenter retrospective, Fr

• n=4 

• Age NS onset 5.9 yrs

• Delay to ESKD 1.4 yrs

• Complete remission under 
PE/IA, but relapse when
spacing out apheresis

• Intensive IA/PE

• 1-4 DARA 1g/1.73m2

Outcome at last Follow-up

#
Months 

after 
DARA

Months
after
NS 

onset

Treatment eGFR S-Alb 
g/l

UPCR 
g/mmol

1 20,5 23 Tacro-MMF-Pred- OBI-DARA 78 45 0,02
2 11,4 87,7 Tacro-MMF-Pred- OBI-DARA 39 42 0,03
3 19,7 36,7 CsA-MMF-Pred 52 45 0,01
4 19,5 21,1 Tacro-MMF-Pred-RTX ESRD* 28 1

ESPN 2023-OP

* Graft loss on Acute T-cell Mediated Rejection because of non observance



PIANO 
Protocole with ImmunoAdsorption in multiResistant NS combined to Obinutuzumab or rituximab and 
daratumumab

• Multicentric prospective cohort 
study

• Inclusion criteria
• Primary Objective

• Rate of complete & partial remission at 
D28

• Secondary Objectives
• Tolerance of IA
• Rate of sustained remission after IA 

discontinuation / anti CD20
• Rate of sustained remission after IA 

discontinuation /Anti CD20 & CD38
• Biobanking

Age		˃	2	ans	au	diagnostic	du	SN

• ≥	4	semaines	Prednisone	po	(60	mg/m²/j)
• Et 3	bolus	de	MethylPrednisolone	IV	(1000	mg/1,73	m²/inj)
• Et ≥	3	mois	de	ttt	bien	conduit	par	anticalcineurines	(tacro/ciclo)
• Ou intolérance	ne	permettant	pas	la	poursuite	du	ttt	conventionnel

Multirésistance définie	par	persistance	uPCr ≥	0,2	g/mmol après	:

• Anurie	(à	l’exclusion	d’une	autre	cause	liée	au	processus	de	Tx)	chez	
un	patient	avec	ATCD	de	multirésistance	telle	que	définie	ci-dessus

• Ou rechute	avec	uPCr ≥	0,10	g/mmol chez	un	patient	avec	ATCD	de	
multirésistance	telle	que	définie	précédemment	

Post	transplantation	immédiate	:		

• Testing /	ApoL1	polymorphisme	réalisé

Génétique	NGS	négative



B-cell depletion at baselineNo depletion 

B-cell count

B-cell count

anti CD20 #1

Ac anti CD20 #2
After last IA

Monthly B-cell count until repletion, 
+/- reinfusion : goal > 12 months

B-cell count
No depletion B=0

Anti CD20 treatment 

WEANING

STOP IA

5 IA minimum 
Within 15 days

Remission UPCR < 0,05 g/mmol
+ 2 IA

CR = UPCR < 0,05 g/mmol

Screening

Inclusion

1st  IA sessionD1

D28

INDUCTION
10 IA minimum
Max 2 days within 2 IA until CR

Apheresis 

PIANO Design



Screening

Inclusion

1sr IAD1

D 28

INDUCTION
10 IA minimum
Max 2 days within 2 IA, 
Until CR

Remission UPCR < 0,05 g/mmol
+ 2 IA

CR = UPCR < 0,05 g/mmol

WEANING

Patient with 
anti CD20 at inclusion

Patient no depletion 

WBC count

WBC count

Ac anti CD20 #1

Ac anti CD20 #2
After last IA

WBC monthly. until réplétion

WBC count
No dépletion

CD19 =0

STOP IA

Biotherapy anti CD20 + DARA *  

Apheresis

DARA #1
1 wk after Anti CD20

DARA #2
1 wk afterAnti CD20

PIANO 
* If post –transplant recurrence

*If relapse during/after IA weaning
*If partial remission at D28

DARA #1



B-cell targeted biotherapy

Anti CD20  mAb = systematic
• At CR (UPCR < 0.05 g/mmol + 2 IA)

• Rituximab or Obinutuzumab 1g/1.73m2

• Delay of 24h before next IA

• Duration of B-cell depletion > 12m

• Monthly monitoring of B-cell count

• Oral IS withdrawal within 3-6 m (except 
transplant patient)

Anti CD38 mAb = if :
• If Partial remission at D28 (0.05-0.20 

g/mmol)

• If relapse during / after IA weaning

• If post-transplant recurrence in a patient 
treated with IA –antiCD20 on native kidney

• Daratumumab 1g/1.73m2



When to use Daratumumab ?
✓ Post-transplant recurrence with no response to apheresis
✓ Post-transplant recurrence responsive but dependent on apheresis
✓ MRNS with partial response to apheresis
✓ MRNS responsive but dependent on apheresis

But still a lot of questions 
✓Preventing post-transplant recurrence ?
✓in CNI-R on native kidneys 

• Before apheresis  ?   
• Alone or only combined to anti CD20 ?

✓Which regimen ?  IV  ou SC , 1 -4 – 8 injections ?  +/- maintenance ttt ? 
✓hypoIgM, prolonged (definitive ?) hypoIgG in children 



When to use RTX/OBI ? 

• Consider in refractory NS after 6 months CNI :
• Partial response (albuminemia > 30 g/l, UPCR > 2g/g)

✓ OBI 
•  +/- DARA

• No response or albuminemia < 30g/l)
• Central line for intensive apheresis, maintain high dose CNI
✓OBI at remission
✓If no response at D28 or relapse after remission :  DARA
✓Reinfusion of OBI + DARA after apheresis discontinuation, and for 12-18 

months

Obinutuzumab
Approval 

in SD/FRNS
in 2026



Future perspectives : emerging B-cell targeted ttt

Abeles Annul Rev Immunol 2024 Schett  Ann Rheum Dis 2024 

• Bispecific T cell engagers targeting B cells and plasma cells
• Selective depletion of the autoreactive B-cells
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Les RDV du SNI
Les RCP SNI pédiatrique : 1er Jeudi / 2 mois à 14h 

adulte : mercredi /mois à 14h30
Journée scientifique CRMR SNI : mardi 9 juin 2026
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