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Idiopathic Nephrotic Syndrome

Idiopathic nephrotic syndrome (INS) is a primary glomerular

disease, which includes two histological variants MCD and primary
(FSGS)

MCD Primary ESGS

10-15% of nephrotic syndrome in adults 30% of nephrotic syndrome in adults
75% o nephrotic syndrome in children 20% of nephrotic syndrome in children
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Minimal change disease

Focal segmental glomerulosclerosis
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Current pathophysiological processes

Immune dysregulation

ﬁ

Dysfunction * sensitivity to steroids and
iImmunosuppressive drugs
« HLA-risk loci involved in
adaptive immu4gity (GWAS) 43

T Lymphocyte

B Lymphocyte
Dysfunction

Circulating permeability
o Atopy and T2 cell factor(s) o Hodgkin lymphoma
mediated immunity 250 @ o o Successfull use of B cell-
o Treg dysfunction causes © @ o o depleting agents
CDB80 overexpression L Q@ @ 2 -0 o Anti-UCHL1 IgG
o Alterations to the c O autoantibody in mice 37
distribution and/or o B cell-induced local IL-4
function of T cell induces foot process
subsets 42 \ Podocyte Alteration gsﬁ%cement & proteinuria

Gauckler Autoimmunity Reviews 2020



Growing evidence for a key role of B lymphocytes in the

pathogenesis of INS
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Sensitivity of the disease to anti CD20 monoclonal antibodies

Colucci Frontiers in Immunology 2022
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Treatment of MCD in adults




Initial treatment for MCD in adults : High-dose oral steroids

(%) 100

Cumulative % of patients with complete remission

Children = ]
9
2 4—+
80
—F
70 t
60 6
1: ISKDC, 1981
50 2: Fujimoto & al, 1991
Adults 3: Mak & al, 1996
el 4: Nakayama & al, 2002
30 5: Nolasco & al, 1986
6: Korbet & al, 1981
20F
10
0
0 2 4 8 16 28
(week:

Weeks from starting corticosteroid therapy

Hogan J JASN 2013



review hittpe/fwwow kidney-international.org

& 2012 International Society of Mephrology

The KDIGO practice guideline on glomerulonephritis:
reading between the (guide)lines—application to the
individual patient

Jai Radhakrishnan' and Daniel C. Cattran®

Chapter 5: MCD in adults

5.1: Treatment of initial episode of adult MCD

al.l:
5.1.2

5.1.6:

We recommend that corticosteroids be given for initial treatment of nephrotic syndrome (1C).

We suggest that prednisone or prednisolone (prednisone and prednisolone are equivalent, used in the same dosage,
and have both been used in randomized controlled trials depending on the country of origin; all later references to
prednisone in this chapter refer to prednisone or prednisolone; all later references to oral corticosteroids refer to
prednisone or prednisolone) be given at a daily single dose of 1 mg/kg (maximum 80 mg) or at an alternate-day single
dose of 2mg/kg (2 maximum dose of 120mg). (20

We suggest that the initial high dose of corticosteroids, if tolerated, be maintained for a minimum period of 4 weeks if
complete remission is achieved, and for a maximum period of 16 weeks if complete remission is not achieved. (2C)
In patients who remit, we suggest that corticosteroids be tapered slowly over a total period of up to & months after
achieving remission. (2D)

For patients with relative contraindications or intolerance to high-dose corticosteroids (e.g., uncontrolled diabetes,
psychiatric conditions, severe osteoporosis), we suggest treatment with oral CYC or CNIs as discussed in FR minimal-
change disease (MCD). (2D)

We suggest using the same initial dose and duration of corticosteroids for infrequent relapses as in Recommendations
5.1.2, 5.1.3, and 5.1.4. (2D)




Initial treatment for MCD in adults : High-dose oral steroids

81 patients
n=29 IV pulses 1 gr 3jrs followed by oral steroid regimen from 30 to

40 mg/day during 4 to 8 weeks

Vs 12 weeks
N= 52 1mg/kg/jr 4 a 8 semaines 86,2% (IV) vs 96,2% (Oral)
p =NS

15,2 jrs +/- 10 (IV)

p =0,0266 26,7 jrs +/-17 (oral)
Fukudome K Nephrology 2012

Table 1. Clinical characteristics of 65 patients treated with initial methylprednisolone use followed by prednisolone
(methylprednisolone+prednisolone group) and 60 patients treated with initial prednisolone use (prednisolone group)

Initial Use of Corticosteroid

Patient Characteristics P Value
mPSL+PSL* PSL
Mumber 65 60 |
Remission and relapse during observational period
First remission, n (%) 65 (100.0) 58 (96.7)
Time to first remission, d” 11 [8—20] 19 [12—37] <20.001
First relapse, n (7o) 32 (49.2) 43 (74.1) 0.01
Time to first relapse, yr® 1.0 [0.6—1.5] 0.8 [0.4-1.6] 0.17
Entire observational period, yr 3.5 [1.6—64] 4.0[2.1-7.9] 0.17
Total number of relapses, n per persand 0(0—8) 1(0—9)
Incidence of relapse, per persnn-yrd 0.0 [0.0-0.5] 0.5[0.0-0.7] 0.007

Similar remission rates and no changes in subsequent relapse rates
Shinzawa CJASN 2014



Initial treatment for MCD In adults : Alternative first line
therapy

Steroid sparing option : MMF and low dose of steroids (MSN study)

Renal blopsy
proocol Imdusion
Test group Control group
I I
Pradnizone, (15 mafkg/d max 40 mokd, ;
+ ECMPS (Myfodtic) 1440 mgid* Day 0 Prednisons 1 mghkg/d, max 80 mgd,
) for 4 weaks
for 4 weaks
| I
Complete remission (CR) Week 4 Complete remission (CR)
Mo | s No | o
| I I |
Pradnizone 0.5 mafkghd, Progressive decneass of
+ EC-MPS 1440 mogid, prednisone dose over 20 weeks P'i;ﬂ "EI:::{‘ 4rr.1';rh"=;";ﬂ‘ mﬁwﬁ?& MM;; o .
for another 4 weeks® with EC-MPS at 1440 mgld an e pradiisng Gose over i weess
| ]
Complels remission (CR) Week 8 Complete remission (CR)
No I e Mo I e
| | | |
Sop EC-MPS.
Trem?}amam g1 usual Progressive decrease of Week 24 Treatment acoording o Progressive decrease of
practics (increase dose of pradnisone dose over 16 wosks _— isual pracics (mainenancs pradnisons dose over 16
storoids [1 mg/kgl] +Cs) with EC-MPS at 1440 mgid dose of steroids +CsA) WeRkS

STUDY DESIGN OF MSN trial
Fifty-eight patients were randomly assigned in each group without significant differences regarding baseline characteristics

Remy KI 2018



Initial treatment for MCD in adults : Alternative first line
treatment

Table 2| Primary and secondary outcomes

Total Test group (N = 57) Control group (N = 57) P value® P value®”
Primary outcome, Week 4
Complete remission, ITT analysis" 70 (61.4) 37 (64.9) 33 (57.9) 0.44
“Remission status (WIthout datd rmputation) T09 52 57
Complete remission 65 (59.6) 32 (61.5) 33 (57.9) 0.70
Mo complete remission 44 (40.4) 20 (38.5) 24 (42.1)
Partial remission 10 (9.2) 4 (7.7) 6 (10.5) 0.87
No remission 31 (284) 14 (26.9) 17 (29.8)
Not specified® 3(2.8) 2(3.9) 1(1.8)
Secondary outcomes®
Week 8 96 46 50
Complete remission 73 (76.0) 38 (82.6) 35 (70.0) 0.15
No complete remission 237(24.0) 8(1/4) TS 130.0]
Partial remission 12 (12.5) 3 (6.5) 9 (18.0) 022
No remission 11 (11.5) 5(10.9) 6 (12.0)
Week 24 20 46 44
_Complete remission 72 (80.0) 37 (80.4) 35 (79.6) 0,92
No complete remission 18 (20.0) 9 (19.6) 9 (20.4)
Partial remission 7 (7.8) 2 (4.4) 5(11.4) 0.16
No remission 9 (10.0) 7 (15.2) 2 (45)
Not specified® 2(22) Q(a) 2 (4.5)
Week 52 78 40 38
Complete remission 57 (73.) 27 (67.5) 30 (78.9) 0.26
No complete remission 21 (26.9) 13 (32.5) 8 (21.1)
Partial remission 51(64) 3 (7.5) 2 (5.3) 0.72
No remission 14 (17.9) 8 (20.0) 6 (15.8)
Not specified” 2 (286) 2 (5.0) 0 (0)
23.1% of relapses among
2 - -
5 patients with CR at 4 weeks
B 2
e P
i Pz039
g Figure 3| Relapse-free survival among the 65 patients in
§ g complete remission at 4 weeks. Relapse occurred in 15 of 65
patients who were in complete remission at week 4. One relapse
— Testgroup  Cessation oftreatmentinbothgroups occurred between weeks 4 and 8 in the control group, at the time of
g | — Cortrolgroup weaning off steroids, and 6 relapses occumred between weeks 8 and
T S R A A - 5 24. Eight of the 15 relapses occurred after definitive treatment
Time (wk) cessation (between 24 and 52 weeks of follow-up).

Nu:::;uzk[;aﬁjjﬂ[u 028 (3) 23 (2 20 Remy KI 2018

Cortrolgroup 33 (1)32(3) 29 (2)27 (1) 22 (2) 18



Initial treatment for MCD in adults : Alternative first line

treatment

Steroid sparing option with Tacrolimus and low dose of steroids

Remission Phase Maintenance Phase

(start of treatment until

2 weeks postremission) (from Day 15 postremission until study end)

Tacrolimus and Steroid 0.5 mg/kg per day

. Tacrolimus 0.05 mg/kg twice
Low-Dose Steroid daily (5-10 ng/ml)

Week 0 24
L [
| L L | || | | | || ] | | || 1
Visit 1 2 3 4 5 6 7 8 9 10

Steroid tapering 5 mg/wk

Table 1. Baseline characteristics of adult patients with
MCNS in each treatment group (modified ITT)

Patient Tacrolimus and Low- High-Dose
Characteristics Dose Steroid (n=67) Steroid (n=69)
Sex, men, n (%) 45 (67.2) 40 (58.0)
Age, yr 41.8+16.7 422+17.8
Serum alBurﬁin‘, g/dl ' 73507 "2 a+038
Median (min, max) 2.2(1.1,4.0 2.3(0.9,4.1)
(95% Cl) (2.2t02.5) (23102.8)
UPCR, g protein/g 8.4*3.9 92x65
creatinine
Median (min, max) 7.58 (3.3, 20.0) 7.8(1.1,34.8)
(95% Cl) (7.41t09.3) (7.61t0 10.7)
MCNS first 32/35 36/33
presentation/
relapse, n

Table 2. Complete remission rates and relapse after complete remission to within 24 weeks after study drug initiation, by

study group (modified ITT and PPS)

Tacrolimus and

Parameter Low-Dose H|gh-D?5e Pvalue
- Steroid
Steroid
Modified ITT set
— "
Patients who showed complete remission within 8 wk after study drug initiation, n (%) 53/67 (79.1) 53/69(76.8)
Patients who showed relapse after complete remission to within 24 wk after study drug 3/53(5.7) 12/53(22.6) 0.01°

initiation, n (%)

Chin JASN 2021



Initial treatment for MCD in adults : Alternative first line
treatment
Steroid sparing regimen with Tacrolimus but without steroids
N= 50
25 Tacrolimus 0.05mg/kg X2 day levels 6 to 8 ng/ml

During 20 W
25 steroids 1mg/kg/day max 60 mg/day during 16 W

Table 2. Primary, secondary, and exploratory outcomes
Qutcome Overall Prednisolone Tacrolimus P Value
Primary outcome " Cohort i Cohort " Cohort
Complete remission by 8 wk 38 S0 70% 21 25 549 17 25 8% (.32 (054}
Secondary outcomes n  Cohort n  Cohort n  Cohort
Completeremissionby 16wk 42 50 84% 23 25 92% 19 25 76% 0.25 (0.54)
Completeremissionby 26wk 45 50 90% 23 25 92% 22 25 88% 0.99 (1.00)
Any relapse after 33 45 73% 17 23 74% 16 22 73% 0.99
complete remission
Exploratory outcomes n  Median Range n  Median Range n  Median Range
Change in serum creatinine 50 0.02 -125t0 25 0.01 -1.25t0 25 0.02 -047to  0.16
at 12 mo, mg/dl 0.64 0.20 0.64
n  Cohort n  Cohort n  Cohort
Complete remission by 4 wk 22 50 44% 16 25 64% 6 25 24% 0.01 (0.05)
Complete or partial 39 50 78% 20 25 80% 19 25 76% 0.99 (1.00)
remission by 4 wk
Failed to achieve 5 50 10% 2 25 8% 3 25 12% 0.99
complete remission
Adjusted P values for multiple analyses are shown in parentheses.

Relapses 17/23 (steroid) and 16/22 (tacro) p =0.99 follow-up 78 W

Medjeral- Thomas CJASN 2020



Initial treatment for MCD in adults : Alternative first line
treatment

Steroid sparing regimen : Exclusive anti CD20 therapy

www.oncotarget.com Oncotarget, 2018, Vol. 9, (No. 48), pp: 28799-28804

Research Paper: Immunology
Rituximab as a front-line therapy for adult-onset minimal change

disease with nephrotic syndrome

Roberta Fenoglio!, Savino Sciascia'?, Giulietta Beltrame!, Paola Mesiano’, Michela
Ferro!, Giacomo Quattrocchio’, Elisa Menegatti’ and Dario Roccatello'?

gr/24h
carefully ruled out. ALl patients recetved RTX as firs i A
line-therapy, without the assoctation of corficosteroids 2°
or any other immunosuppressive agents. All the patients ; \\
were freatment naive. They were treated with 4 doses of \\
375 mg/m’ RTX with a 1-week iferval. ANl patients had ) \\ \
efinite conraindications to steroid therapy (diabetes, . S
BMI > 30, psychosts). All pattents had a nephrofic 0 = '

ﬂ"\l‘lf]l‘"‘lmﬂ n-’l“ﬂ‘ Ll“ﬂ*:ﬂl‘l TrrAN l‘lﬂl\l‘i’lﬂ1 lll'l F’ “*FI 1'?1":1-’\ *l'ln’l Ba*line 3 months Gmonths gmonths

Figure 1: Evolution of proteinuria.
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International recommendations

Recommendation 5.3.1. We recommend high-dose oral corticosteroids for initial
treatment of MCD (1C).

Practice Point 5.3.2. High-dose corticosteroid treatment for MCD should be given for no
longer than 16 weeks.

KDIGO CLINICAL PRACTICE GUIDELINE

ON GLOMERULAR DISEASES 24 semaines au total
No contraindications s m

- for glucocorticoids A ‘ &
Minimal change :
disease in adults: -1 « Cyclophosphamide
initial therapy » Calcineurin inhibitors

|, Contraindications ~ *Mycophenolate mofetil/
- for glucocorticoids sodium mycophenolate +
reduced-dose glucocorticoids
~+ Rituximab?

Figure 10| Initial treatment of MCD in adults. The optimal glucocorticoid regimen is not well defined; however, suggested doses are
outlined in Figure 45 of the full guideline. The choice of medication should be based on physician and patient preference. MCD, minimal

change disease.

5.2. Prognosis

Practice Point 5.2.1. Long-term Kidney survival is excellent in MCD patients who respond
to corticosteroids, but less certain for patients who do not respond. 15



International recommendations

Practice Point 5.3.2. High-dose corticosteroid treatment for MCD should be given for no
longer than 16 weeks.

Practice Point 5.3.3. Begin tapering of corticosteroids two weeks after remission.

The optimal corticosteroid taper protocol after remission in adults is not known.

Dose: 1 mg/kg per day (maximum 80 mg/day) or 2mg/kg ~ 80%-90%
every other day (maximum 120 mg every other day), for a

minimum of 4 weeks, and a maximum of 16 weeks (as

tolerated), After remission, taper over at least 24 weeks

75%
' 5%
mg/kgp«daylndividuddosesfon-z 90%"




French recommendations (PNDS)

Figure MCDI. Initial treatment of MCD in adults’

No contraindications

for corticosteroids Corticosteroids

Minimal change

disease in adults: « Cycl ide

initial therapy » Calcineurin inhibitors
Contraindications + Mycophenolate mofetil/
for corticosteroids sodium mycophenolate +

W corticosteroids
. ?

*The optimal corticosteroid regimen is not well-defined; however, suggested doses are outlined in Table MCDI

1. Steroids 1mg/kg/day
CR 57,9% W4

CR 70 to 84% W8 HAS

HAUTE AUTORITE DE SANTE

2. IV in cases of acute complications or severe abdominal pains

3. Total duration 24 W in adults : but possibly shorter (children PNDS and
international recommendation total 2240 mg/m2 for 8 W)

» Low dose 0.5 mg/kg/jr + MMF

L , _ » Tacrolimus alone
4. Contraindications or risk of side effects > Low dose 0,5mg/kg/day +

(24 W of treatment) Tacrolimus

Remy et al KI 2018 Medjeral- Thomas CJASN 2020 Chin JASN 2021



Frequently relapsing/ steroid dependent MCD

Steroid dependant
> 14 a 30%

Frequent relapses (two or more relapses per 6 M)
> 11 a 29%

Hogan J JASN 2013

Cyclophosphamide / MMF

(Observational study)

22 patients Cyclophosphamide SNDS FRNS

2-2,5 mg/kg/jr during 8 W

CR 86% (at one year) 74% (at 3 years)
and 63% (at 5 years)

Mak NDT 1996

(Observational study)

29 patients MMF Mean follow-up 32M
CR 86%

Sandoval CKJ 2017

(Observational study )

20 patients Cyclophosphamide
During 11,5W

CR 55%
CR 80% for SDNS et 50% for FRNS

10 patients MMF
CR 65%
Relapses 35%

Waldman M CJASN 2007



Frequently relapsing/ steroid dependent MCD

Cyclosporine/ Tacrolimus

(Multicenter randomized controlled trial)
73 patients (11 adults 62 children)

MCD = 31 SDNS/FRNS
Cyclophosphamide 2,5mg/kg/day (8W)
VS

Csa 5 mg/kg/mois (9M) _—

M9 p=NS
CR 64% Cyclophosphamide
CR 74% Csa

Relapse at M24

75% (Csa) > 37%

(Cyclophosphamide)
Ponticelli NDT 1993

(Prospective cohort)

26 patients SDNS adults

N =14 Cyclophosphamide IV 750 mg /4 W
during 24 W I [I

ey

N= 12 Tacro during (24 W) P 1. e C i s s OYC o TAC Ao

the rate fCR f ] dffrcn b;,m h g p
the end of 2 4 l\ hmp the tenden fhghrmc fC‘R
more often h e TAC group t h.¢ C‘ng up before 4 weeks treal rm t

CR Tacro 90,9% / Cyclophosphamide 76.9% a W24 NS

Relapses Tacro 50 % Cyclophosphamide 40% NS LINDT 2008



Frequently relapsing/ steroid dependent MCD

Rituximab a new therapeutic relevant option in children

Prospective randomized controled trial

% SDNS
24 patients Ritux (4 X 375mg/m2) et 24 placebo

Delay without relapses 267 days jrs vs 101days p<0,001)

A
10 — Fituimah
Numberof Dalhy Dalhy p value g — Plaeho
patients*  prednisolone prednisolone
dose In the dose after s
365 daysbefore  randomisation § 70
randomisation  (mg/m” per day) -E" &0
(mg/m® per day) .
Ritimab 19 19-13(9-94) 8-37 (5-62) <(0-0001 ‘; ;u-
Flacebo 71 18-02 {10-15) 21-02 {9-81) 021 g .
¥ By
Data are miean (S0), vnless otherwise stated. * Number of patients in each group £ 104
forwhom prednisolone doses were available for 36 days before randomisation. 14
Log- rank pc0-0001 | |
Table 3: Change In dally prednisolone dose before and after o , ! T ! T T T T
a i 100 150 200 150 300 350 400
randomisation, by group Number at risk . !
Ritwimab 14 I il il 18 13 11 11
Placebo 24 I 1z g z 2 1 1

ljima Lancet 2014



Frequently relapsing/ steroid dependent MCD
Rituximab a new therapeutic promising option in adults

1) Retrospective study
17 patients Mean age 29,4y 10 patients traités en RC

s, 1,32 % SDNS
Incidence of relapses lower 20% vs 57% when Ritux
016 Is administered in patients with CR

Before RTX Afer RTX Munyentwali H KI 2013

Figure 1| Number of relapses per year before and after rituximab
treatment (*P < 0.05). Results are the mean s.d.

2) Retrospective study 3) Observational sudy )
16 patients avec SNLGM
(13 SDNS, 2 FRNS 1 SRNS) 8
Median follow-up 44 mois 13 patients treated in CR 7
s
[ P<0.001 E 5
20 oo g
5
15 o0 '_g o E—
g T 5.
2 10 —60900— ’
E olo o ol | - ] -
3 e L e 4.3£2.858D 0.3+0.58D
cp Before rituximab After rituximab
0- 0CO Cooee000 FIGURE 2. Number of relapses during the 24-month period
before and 24-month period after the 1st rituximab adminis-
Basellinr-: 12 I'I'I(;I'Iths tration. Results are expressed as means + S.D. *P < 0.05.

FIGURE 1. Lowest glhucorticoid (GC mg) dose before relapse

(bascline) and GC dose at 12 months. Bruchfeld A NDT 2013 Iwabuchi Y Medicine 2014



Frequently relapsing/ steroid dependent MCD

In the future : early use of Rituximab to prevent subsequent relapses ?

phase llb, randomized, open-label, parallel group, in a 1:1 ratio, active controlled,
multicenter trial testing the efficacy and safety of two injections of Rituximab separated
by one week 375mg/m2 compared to the standard regimen of oral steroid alone
(progressively tapered within 24 weeks) from initial episode of MCD in adults.

1
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o
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& >
wo Randomized treatment period & Follow-up

The primary endpoint will be the incidence of MCD relapse during the 12 months following

randomization

PHRC PI : Audard V



International recommendations

Practice Point 5.3.1.1. Algorithm for treatment of frequently-relapsing/steroid-dependent

MCD in adults (Figure MCD2)

Figure MCD2. Treatment of FR/SD MCD in adults

No previous
cyclophosphamide

Frequently relapsing/ No patient preference

steroid-dependent
minimal change disease Previous
cyclophosphamide
Patient wishes to avoid

cyclophosphamide

treatment (1),

Recommendation 311, We recommend cyclophosphamide, rituximab, calcineurin
inhibitors, or mycophenolic acid analogs (MPAA) for the treatment of frequently-
relapsing/corticosteroid-dependent MCD as compared to prednisone alone or no

Cyclophosphamide

+ Rituximab

+ Calcineurin inhibitors

+ Mycophenolate mofetil/
sodium mycophenolate

KDIGO CLINICAL PRACTICE GUIDELINE
ON GLOMERULAR DISEASES

Frequently relapsing/
steroid-dependent patients
Oral cyclophosphamide

Calcineurin inhibitors
+ Cyclosporine
«Tacrolimus

Rituximab

Mycophenolic acid analogues
» Mycophenolate mofetil
« Sodium mycophenolate

2-2.5 mg/kg/day, adjusted for white blood counts, for 75%
8-12 weeks. 12 weeks may be associated with less
relapse in steroid-dependent MCD

Initial dose:
3-5mg/kg per day in divided doses for 1-2 years 70-90%
0.05-0.1 mg/kg per day in divided doses for 1-2 years 90%

«If serum levels are being monitored, suggested
initial levels:
- Cyclosporine: 150-200 ng/ml
- Tacrolimus: 4-7 ng/ml

+ After withdrawal of corticosteroids reduce CNI dose if
possible
Suggested doses: <3mg/kg/day for cyclosporine
and <0.05 mg/ka/day for tacrolimus

+ Attempt gradual taper and discontinuation of CNI after
aminimum of one year of therapy if possible

+ If CNI-dependent reduce dose to lowest possible to
maintain remission with monitering of kidney function
(kidney biopsy if kidney dysfunction)
Switch to alternate medication if evidence of CNI toxicity

Induction regimens: 70% (20% off all

+ 375 mg/m? weekly for 4 doses immunosuppression,

+375 mg/m’ X single dose; repeat after one week if 50% on one other
CD19 cells >5/mm? Immunosuppressive

+ 1 g/dose for 2 doses, 2 weeks apart drug)

Relapse after induction:

+375mg/m? % 1 dose or

+1giv.x 1 dose

Initial dose:

1000 mg twice daily

720 mg twice daily

« Attempt gradual taper and discontinuation of
mycophenolic acid analogues after a minimum of one
year of therapy if possible



French Recommendations

NEY p
e,
§ y X Practice Point §.3.1.1. Algorithm for treatment of frequently-relapsing/steroid-dependent
% MCD in adults (Figure MCD2)
%

ot Figure MCD?. Treatment of FR/SD MCD in adults

KDIGO CLINICAL PRACTICE GUIDELINE

ON GLOMERULAR DISEASES
Frequently relapsing/
steroid-dependent Em— 7
minimal change disease Previous A
cyclophosphamide
Patient wishes to avoid
cyclophosphamide

KDIGO 2021

Fisrt line Rituximab

. singledoseslgor37smg/mt

Wait & expect response for 4-6 months

For 1-2 years

/ \E
HAUTE AUTORITE DE SANTE

Tapering to minimum required dosage, . i o
for 1-2 years Stop RTX after 24 months of remission and continue monitoring.




Treatment of primary FSGS in adults

First challenge : differentiate primary from secondray forms of FSGS

Figure FSGS1. Proposed classification of FSGS

FSGS lesions on
Genetic FSGS light microscopy

Primary FSGS

Virus associated FSGS

‘toxin

Adaptive FSGS - .
Rosenberg CJASN 2017 :

De Vriese Nature Reviews Nephrol 2021

APOL1 FSGS




Patients with FSGS lesion on renal biopsy : steroids
and/imunusuppressive drugs versus supportive

therapy

KDIGO CLINICAL PRACTICE GUIDELINE
ON GLOMERULAR DISEASES

Nephrotic syndrome

Proteinuria >3.5 g/day
and
serum albumin <30 g/L
with or without edema
Diffuse foot process
effacement

Likely primary FSGS

- If no response, consider

genetic testing

Patient with FSGS lesion
on kidney biopsy

Absence of nephrotic syndrome Absence of nephrotic syndrome

Proteinuria >3.5 g/day Proteinuria <3.5 g/day
and with or without
serum albumin >30 g/L hypoalbuminemia

» Evaluate for an underlying cause, exclude
secondary and genetic forms of FSGS
- Consider genetic screening (where appropriate)
» Do not start immunosuppression

. Suggortive therapy
» Monitor proteinuria and serum albumin

Worsening proteinuria
and
reduction in serum albumin

KDIGO 2021



Response with low dose of steroids

Lim 1974

Jenis 1974

Velosa 1975

Newman 1976

Cameron 1978

Beaufils 1978

0% 20% 40% 60% 80%

. Partial

Remission: . Complete




Response with high doses of steroids

St Hillier 1975

Miyata 1996

viyata 1993 _
catran 1995 [
ponticeti 1009 |

Schwartz &

Gsbertsss L

0% 20% 40% 60%

. Partial

Remission: . Complete

80%



Steroids : Optimal duration of steroids therapy is not
known

Duration Complete

Rémission rate

< 16 weeks 15 %

> 16 weeks 61 %

Ponticelli AJKD 1999
Définition of steroid resistance : 1 mg/kg during 16 weeks

Remission 47 a 66% (CR 32 a 47% and PR 19 a 29%)

Korbet JASN 2012



International recommendations

KDIGO CLINICAL PRACTICE GUIDELINE KDIGO CLINICAL PRACTICE GUIDELINE
ON GLOMERULAR DISEASES ON GLOMERULAR DISEASES

6.2 .2 Imitial treatment of primary FSGS
Recommendation 6.2.2.1. We recommend that high-dose oral corticosteroids be used as

the first-line immunosuppressive treatment for primary FSGS (1D).

Practice Point 6.2.2.2. Initial high-dose corticosteroids should be continued until complete

remission is achieved or as tolerated by patients up to a maximum of 16 weeks, whichever
is earlier.

Practice Point 6.2.2.3. Adults with primary FSGS who respond to corticosteroid
treatment should receive corticosteroids for at least six months.



International recommendations

Practice Point 6.2.2.4. In adults with relative contraindications or intolerance to
corticosteroids, alternative inmunosuppression with calcineurin-inhibitors should be
considered as the initial therapy in patients with primary FSGS (Table FSGS4).

Calcineurin Starting dose:
inhibitors « Cyclosporine 3-5 mg/kg/day in 2 divided doses OR tacrolimus 0.05-0.1 mg/kg/day in 2 divided
doses

« Target trough levels could be measured to minimize nephrotoxicity
« Cyclosporine target trough level 100-175 ng/ml
= Tacrolimus target trough level: 5-10 ng/ml

Treatment duration for determining CNI efficacy:

« Cyclosporine or tacrolimus should be continued at doses achieving target trough level for at S,
least 6 months, before considering the patient to be resistant to CNI treatment g{l@}}b
X\ o
Total CNI treatment duration: %\3:“‘—‘;) Al
- In patients with partial or complete remissions, cyclosporine or tacrolimus should be continued R
at doses achieving target trough level for at least 12 months to minimize relapses KDIGO CLINICAL FRACTICE GUIDELIE

« The dose of cyclosporine or tacrolimus can be slowly tapered over a course of 6-12 months

as tolerated

HAS

HAUTE AUTORITE DE SANTE

Cyclosporine 3mg/kg/jr AND
steroids 0,5 mg/kg/jr during 3 mois
VS

steroids 1mg/kg/jr from 3to6 M
Retrospective study

» Remission 87,7% % vs 62,5% (NS)

Goumenos Nephron Clin Pract 2006

MMF 1gr X 2 /jr AND steroids

0,5 mg/kg/jr during 6 M (n=17)

VS

Steroids 1mg/kg/jr from 3 to 6 mois (n=16)
Prospective study

» Remission 70% vs 69% (NS)

» Delay 6 W vs 10 W(NS)

» Relapse 23% vs 18% (NS)

Senthil Nayagam NDT 2008




) Steroid resistant FSGS
40 a 60 % of cases

Ciclosporine A o
49 adults 80 ;
¢ 2 ma/kag/jr |
6 csa (3,5 mg/kg/jr) 5 oo mm B

« 23 placebo g

During 6 mois 2 40 :
In association with low dose of steroids (0,15mg/kg/jr)  2° r r

L s P
Remission at 6M 69% (CR 12% et PR 57%) 12 26 52 78 104
Time, weeks
placebo remission (4%)
I re
Mean delay of remission 7 W (1 to 25) B RC CsA
Major concern 60% of relapses after 78 W of follow-up b
RP- Placebo

6.3. Special situations N

(:».3.I.nt‘nrlim:ler;id-reaiglant primary FSGS W26 P < 0001 a W104 P < 005
Recommendation 6.3.1.1. For adults with corticosteroid-resistant primary FSGS, we

recommend that cyclosporine or tacrolimus be given for at least six months rather than Cattran D KI 1999
continuing with corticosteroid monotherapy or not treating (/C).

QONEY 0/
B (0N

Practice Point 6.3.3.1. Adults with corticosteroid-resistant primary FSGS who respond to £ \
CNI treatment should receive CNIs for a minimum of 12 months to minimize the risk of °;(‘:‘,§ro‘;§°“
relﬂ.ps“ (Tﬂhle FS GSS]- M)I('(‘),(\Ilfl\(l;‘l\: RI;I:\:RTII:I:;\I\:I:)II\I



Treatment of steroid resistance and resistance to CNI

HAS

HAUTE AUTORITE DE SANTL

HAS

HAUTE AL

TORITE DE SANTIE

~ Identifying a potential associated genetic diagnosis
» Major therapeutic implcations

» Immunusuppressive agents should not be continued in
patients with monogenic SRND

v Primary versus secondray forms of FSGS (intial
exstensive screening for a secondary cause ?)

v FSGS in patient from African ancistry

» Polymorphisms in the gene for apolipoprotein L1 (APOL1)
should be investigated

» Successful use of steroids and immunosuppressive drugs in
these patients remains to be determined



Treatment of steroid resistance and resistance to CNI
If patients have not responded to

» A place for Rituximab therapy ?

Table 2

glucocorticoids or a CNI, the therapeutic

choices for primary FSGS are limited

Overview of studies of rituximab in minimal change disease and focal segmental glomerulosclercsis in adults.

First author, (study)  Year Design Patients RTX / Immunosuppression FU Proteinuria Relapse
Bruchfeld [103] 2014  Retrospective 16 adults, SD/SE/FR MCD RTX (different regimes) + CS + /- 44 months (median, Initial CR + PR: 93.8% RR at end of FU: 43.8%
RTX re-application 12-17) CR + PR at end of FU: 50%
Munyentwali [93] 2013  Retrospective 17 adults, SD,/FR. MCD RTX (different regimes) 4+ /= RTXre-  29.5 months (median, RR: 39%;
application 5.1-82) Reduction of RR per vear: from 1.32
+ /= 0.85 before to 0.16 +/- 0.21
after RTX (p = 0.05)
Ruggenenti, (NEMO) 2014 Prospective, multicenter, 10 children, 20 adults, SD/FR RTX (single-dose or 2 x 375 mgz‘mg) 12 months before and Number of relapses: 22 after RTX
[92] off-on MCD, MesGN, FSGS after RTX versus 88 before RTX
RR after RTX: 70% in children versus
40% in adults
54.5% in MCD/MesGn versus 37.5%
in FSGS
DaSilva [94] 2017 Retrospective, 28 (RTX) + 22 (control) adults, CS + additional IS 4 /- RTX CR: 82% (RTX) versus 63% Reduction of RR per year: 1.1 + /-
multicenter {GLOSEN SD/FR MCD/MesGN (n = 42) / {control) 0.63 versus 0.01 +/- 0.02
registry) FSGS (n = 8) (p < 0.0001)
RR after RTX: FSGS = MCD
p = 0.02)
Guitard [95] 2014  Retrospective, 41 adults, SD/FR MCD RTX (different regimes) + /= RTX re- 39 months (median, CR: 61%, PR: 17% RR: 56% of responders;
multicentre application + /- additional IS 6-71) median time to relapse: 18 months
(3-36)
Roceatello [96] 2017 Prospective 8 adults, FSGS (complex) High-dose RTX (8 weekly 375 rngz‘rnzj 29.1 months (median, Non-significant reduction from
24-42) 5.3 + 1.9 g/day before to
3.9 +/- 1.8 g/day after RTX
Fernandez-Fresnedo 2009  Retrospective, 8 adults, SR FSGS RTX (different regimes) + /- re- 16.4 months (mean, Non-significant reduction from
[57] multicenter (GLOSEN applications; several IS prior and 12-24) 14.0 +/~ 4.4 g/d before to 10.5
T — registry) concomittant to RTX +/— 49 g/d after RTX
Colliou [104] 2019  Retrospective, 23 adults (= 60 years), MCD/ RTX alone (n = 1), + CSi{n = 21), + 34 months (median, CR: 14/23 (61%), PR: 4/23 RE: 7/23 (30%);
multicentre FSGS; (out of 116 total) CNI(n =1) 11.8-56.5), (total (17%) Median time to relapse: 13 months
patients) (no differentiaion of mixed cohort
possible)
Ramachandran [98] 2019  Prospective, 24 adults (17-48 years), SD/SR RTX 1 = 375 rr13;‘rr12 + /= additional 12 months Overall-CR: 54%, -PR: 25% RE: 8/24 (33%)
—— singlecentre; MCD (n = 11)/F5GS(n = 13) low-dose (100 mg); +/— additional IS MCD-CR: 100% Median time to relapse: 7 months
(RTX to maintain with CNI-dependence : 38%, PR: 38%
remission) bnEwiek e e
SB-CR: 22%, -PR: 44%
il Can be tested
HAUTE AUTORITE DE SANTY

Gauckler Autoimmunity Reviews 2020



Treatment of steroid resistance and resistance to CNI

» A place for Rituximab therapy ? R
Only a minority (three of eight) of patients in "
our series of adult patients with FSGS showed R . ,
a positive influence of rituximab. Morths

Figure 1. Evolution of proteinuria after rituximab therapy. *Pa-
tient 8 received eight weekly consecutive infusions (375 mg/
m?) of rituximab at baseling; **patient 7 received two more
rituximab infusions (375 mg/m?) at 6 mo; ***patient 6 received
four more rituximab infusions (375 mg/m?) at 12 mo.

Fernandez-Fresnedo CJASN 2009

Table 1. Demographic and clinical characteristics of the patients with FSGS treated with RTX

Patient M/F Ape Treatment Baseline Month & Month 12 Month 18
sCr prot. alb. BP sCr  prot. alb. BP sCr prot. alb. BP sCr  prot. alb. BP

1 M 61 ACEi + ARBs 12 8 28 14090 14 67 29 140/ 16 93 27 MHEW 17 61 27 140/80
2 F 60 ACEi + ARBs 1.7 38 29 16070 2 28 34 Isver 22 38 28 1590 23 32 29 14VHD
3 E 81 ACEi + ARBs 7 7 26 14070 33 7 29 10/70 25 4% 33 L2070 20 L5 39 120/70
L M 62 ACEi + ARBs + CCB e 7 29 130/90 20 46 22 130/90 29 39 2.6 130/80 27 5l 2.4 130/80
5 M 42 ACEi + ARBs 37 36 25 140/90 64 6.4 24 130/80 64 & 25 130/80 9 6.4 2.4 130/80
[ M 70 ACEi + ARBs 28 4 26 130090 32 27 25 120470 35 28 29 130/80 35 17 2.8 130470
7 F 71 ACEi + ARBs i5 36 28 13090 35 219 28 130/80 35 22 2.7 140/80 35 15 2.8 130/80
8 F 40 ARBs + CCRBs e 38 29 140/90 09 27 26 130/80 09 23 26 13/70 09 29 32 1370

F5GS, focal segmental glomerul osclerosis; RTX, rituximab; ACEi, angiotensin converting enzyme inhibitors; ARBs, angiotensin 1T receptor blockers;, CCBs, calcium
channel blocker; sCr, serum creatinine (mg/dL}); prot., proteinuria (g/24 h); BP, blood pressure, mm Hg; alb., serum albumin, g/L.

Only a minority (1 of 8) in our series of adult patients with FSGS showed
positive effects of high doses of RTX (8 weekly doses of 375 mg/m?2)

Roccatello Am J of Nephrology 2017

HAS Can be tested

HAUTE AUTORITE DE SANTE



Treatment of steroid resistance and resistance to CNI

» A place for Apherisis ?

21 adults

FSGS 12 et MCD 9
SD-INS 9,5%
SR-INS 90,5%

Delay between initial diagnosis and
apherisis onset = 10 months

Median number of apheresis sessions
=12

CR or PR 7/21 (33%)

Table 3. Parameters associated with remission (univariate analysis)

All pafients (n = 21)
Age =50y
Time from diagnosis o apheresis
< 12 mo
Change in proteinuria before apheresis
= 4.5 g/d
Dialysis for acute kidney injury at the fime of
apheresis
Dialysis or change in proteinuia
> 4.5 /d before apheresis

Odds
ratio

226
108

8.17

220

220

85% Cl

1.00-525
1-117

1.15-132

1.00-524

1.86-107

P value

0.006
0.043

0.041

0.026

0.001

Cl, confidence interval.

Moret Kl Reports 2021
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DUET: A Phase 2 Study Evaluating the Efficacy and
Safety of Sparsentan in Patients with FSGS

Howard Trachtman," Peter Nelson,? Sharon Adler,® Kirk N. Campbell,* Abanti Chaudhuri,®
Vimal Kumar Derebail,® Giovanni Gambaro,” Loreto Gesualdo,” Debbie 5. Gipson,’
Jonathan Hc>gan,10 Kenneth Lieberman,""'2 Brad Marder,'® Kevin Edward Meyers,""15
Esmat Mustafa,'® Jai Radhakrishnan,'” Tarak Srivastava,'®'? Miganush S‘h'-:panians,z':J
Vladimir Tesar?'? Olga Zhdanova,?® Radko Komers,?* and on behalf of the DUET Study Group

A Reduction in UP/C
all Sparnnun Doses
(200 meg, 400 mg, 00 mg), EES

Irbesartan Sparsentan
(m=32) (n=6d)

-20
-30

40 1

Reduction From Baseline,” %

S50

-60 - P=0.006

Travere Therapeutics Announces Achievement of Interim Proteinuria Endpoint in
the Ongoing Phase 3 DUPLEX Study of Sparsentan in Focal Segmental
Glomerulosclerosis

Sparsentan achieved statistically significant response on interim proteinuria endpoint compared
fo irbesartan after 36-weeks of treatment

To date in the study, sparsentan has been generally well-tolerated and has shown a safety
profile comparable to irbesarian

HAS
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Inaxaplin for Proteinuric Kidney Disease in Persons
with Two APOLI Variants

Q. Egbuna, B. Zimmerman, G. Manas, A. Fortier, M.C. Chirieac, LA. Dakin, D.). Friedman, K. Bramham,
K. Campbell, B. Knebelmann, L. Barisoni, R . Falk, D.5. Gipson, M.S. Lipkowitz, A. Ojo, M.E. Bunnage, M.R. Pollak,
D. Altshuler, and G.M. Chertow, for the VX19-147-101 Study Group*

Table 2. Mean Percent Change from the Baseline Urinary Protein-to-Creatinine Ratio at Week 13.%

Variable

Mean urinary protein-to-creatinine
ratio

At baseline
Atwk 13

Geometric percent change from
baseline at wk 13 (35% CI)

Total
[N=13)

2212095
1.27+0.73

-476
(-60.0to-31.3)

Participants with
Mephrotic-Range

Proteinuria
N=1)

1.47:1.07
1.83+0.58

477
(-70.1 ta -8.5)

Participants with
Subnephrotic-Range
Proteinuria

(N=10)

184052
1.10«0.71

-47.5
(-63.4to -24.6)
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