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Different clinical forms

Steroid dependent
Relapsing when reducing steroid dose

Frequently relapsing
Several relapses during one year



Why start second line
treatment?

To avoid steroid toxicity

The frequency of relapses but also the
time to response will thus matter



Tom 3.5 years old

Onset NS at three years of age.

During the first six month he had three
relapses attributed to URTISs

No major oedema

Responded to steroid treatment within a
week.

What to do next?



Lower steroid dose during
relapses

We now routinely use 1mg/kg of
prednisolone to treat a relapse

Fifty children with 87 relapses

/0% responded within one week to the
low dose.

They had significantly lower rate of side-
effects

Raja et al Ped Nephrol 2017;32:99



Arvind 6 years old

Onset of NS at 4 years of age
First year two relapses
Second year four relapses

Responds well to treatment but it can
take up to 2-3-4 weeks to respond

What to do next?



Treatment of steroid dependent/
frequently relapsing

Levamisole



Levamisole

Antihelmintic drug
Proven effect in studies in the UK
Many countries do not use it



Levamisole vs placebo or no
treatment

Review: Mon-corticosteroid immunosuppressive medications for steroid-sensitive nephrotic syndrome in children

Comparison: 12 Levamisole versus steroids or placebo or both, or no treatment
Outcome: 2 Relapse at 6o 12 months

Study ar subgroup Lewvamisole Flacebo/no treatm ent Rizk Ratio Weight Rizk Ratio
niM nin M-H. Randam, 95% Cl M-H Randam, 95% Cl

Abhevagunawardena 2006a gr/42 26134 — 11.5% 0.253[0.13, 048]
Al-Saran 2006 1434 24724 —a— 145% 0.42[0.28, 0.63]
BAPM 1591 27131 2B/30 L 16.5% 0.93[0.79,1.10]
Dayal 1994 g2z 10/14 —— 121 % 0.57 [0.31,1.05]
Rashid 1996 11720 18/20 —— 142 % 0.61 [0.40,0.93]
Sural 2001 17730 23/28 —— 149 % 0.65 [0.48, 0.99]
Weiss 1993 15/16 16/18 - 16.3 % 1.05[0.86,1.30]

Total (95% CI) 195 168 e 100.0 % 0.62 [ 0.42, 0.91 ]

Total events: 101 iLewvamisole), 145 (Flacebo/no treatment)
Heterogeneity: Tau® = 0.23; Chi* = 60.11, df = 6 (P<0.00001); F =90%
Test for overall effect: 2 = 242 (P = 0.016)

Test for subgroup differences: Mot applicable
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Cochrane Database Syst Rev 2013



Levamisole compared to MMF
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Treatment of steroid dependent/
frequently relapsing

Low dose steroids every other day



Low dose every other day
steroids

No good data

Still used a lot and recommended by
KDIGO



Treatment of steroid dependent/
frequently relapsing

Steroids during infection



Steroids during infection

36 children with SDNS treated with
0.5mg/kg of prednisolone

Half of them were given daily
prednisolone for five days during URTI

Two year follow-up
40 relapses (mean 2.2/year) in treatment

group
99 relapses (mean 5.5/year) in placebo group
Mattoo, Nephron 2000



Tanzeelah 5 years old

Onset NS at the age of four years

Quite a severe oedema during the first
episode

Responded to steroids after 3.5 weeks
Weaned slower than we do regularly

Relapsed while still on 10mg Prednisolone
every other day

What to do next?



Treatment of steroid dependent/
frequently relapsing

Cyclophosphamide



Cyclophosphamide

Two month course of oral 3mg/kg/day
Monitor FBC

Works well in a third of patients

Does not help another third of the kids



Cyclophosphamide

Review: Mon-corticosteroid immunosuppressive medications for steroid-sensitive nephrotic syndrome in children
Camparizson: 1 Alkylating agents versus steroids or placebo or both
Outcome: 1 Relapse at6 to 12 months

Study or subgroup Alkylating agents Prednisone/placebo Rizsk Ratio Weight Risk Ratio
nih niM M-H.Random, 35% Cl M-H.Random, 35% Cl
1 Cyclophosphamide versus prednisone (6 or 12 months)
Barratt 1970 311 13/15 —a— 11.5% 0.31[0.12, 0.84]
Chiu 1973 1/12 5011 e ——— 29% D18[0.03, 1.33]
ISKDC 1974 9,27 16/26 - 28.6% 0.54 [0.29,1.00]
Sural 2001 11027 23728 '.' 441 % 0.50[0.30, 0.81]
Subtotal (95% CI) i7 80 4 87.1% 0.47 [ 0.33, 0.66 ]

Total events: 24 (Alleylating agents), 57 (Prednisone/placebao)
Heterogeneity: Tau® = 0.0; Chi* = 1.84, df = 3 (P = 0.61); * =0.0%
Test for overall effect: £ = 4.26 (P = 0.000020)

2 Chlorambucil versus prednisone or placebo (at & months)

Alatas 1978 3/11 BJ/9 —— 11.3% 031 [0.11, 0.83]
Crupe 1976 010 g/11 = + 1.5% 006 [0.00, 0.BF]
Subtotal (95% CI) 21 20 ——a—— 12.9 % 0.19 [ 0.03, .09 ]

Total events: 2 (Alkylating agents), 17 iPrednisone/placebo)
Heterogeneity: Tau® = 0.86; Chi* = 1.78, df =1 iF = 0.18); F =44%
Test for overall effect: £ = 1.86 (P = 0.063)

Total (95% CI) 98 100 » 100.0 % 0.43 [ 0.31, 0.60 ]
Total events: 27 (Alkylating agents), 74 (Prednisone/placeba)

Heterogeneity: Tau® = 0.01; Chi* = 514, df = 5 (P = 0.40); B =3%

Test for overall effect; 2 = 4.590 (F < 0.00001)

Test for subgroup differences: Chi* = 0.98, df =1 (P = 0.32), I* =0.0%

0002 o1 1 10 500
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Cochrane Database Syst Rev 2013



Length of treatment

Review: Mon-corticosteroid immunosuppressive medications for steroid-sensitive nephrotic syndrome in children

Comparisan: 2 Cyclophosphamide duration
Outcome: 1 Relapse at & months

Study or subgroup Long duration Short duration
niM niN

Risk Ratio Risk Ratio
M-H.Random,95% C| M-H.Random,95% Cl

1 8 weeks versus 2 weeks
Barratt 15973 2115 714

0.27 [0.07,1.07]

Long duration

0.2 1 ] 20

Short duration

Cochrane Database Syst Rev 2013



Cyclophosphamide
Side-effects

Reduction in neutrophils
Severe infection

Hair loss

Infertility

Increased risk of malignancies



Tanzeelah now 7 years old

Tanzeelah had cyclophosphamide 1.5
years ago.

Been free of relapses more than one year
Parents very pleased

But now had one relapse
What to do next?



Tanzeelah now 7 years old

Nothing except treating the relapse



Tanzeelah now 8 years old

Has had three relapses over the last 6
month

What to do next?



Treatment of steroid dependent/
frequently relapsing

Cyclosporine



Cyclosporine vs
alkylating agent

Review: Mon-coricostercid immunceuippressive medicaions tor stercid-sensiive nephrode syndrome in children

Comparigon: 9 Allylaing agents versus cydosporin

Cudcome: 1 Relapss al end of therapy (6 42 9 months)

Sy of subgroup Allylaing agent Cycloaponin Risk Raio Weighi Rigk Raio
n'M ‘N M-H,Random ,25% Cl M-H, Rarndom 253 Cl

1 Cydopheosphamide versus cydosponin

Poricali 192 &2 30 . 2B 1.07[ 048, 2.35]
E.Ih‘l:ﬂ‘lalfﬂﬁ“‘oﬂli) 25 30 — R —— - 1.07[0.48,2.35]
Todal event: & (Allylaing agenks), 9 (Cydosponing
Heterogensity: nol applicables
Test tor overall etiecl: £ = 016 (P = 0.87)
2 Chlorambudl versus cydeosponin

Miaudel 1202 o0 11720 —.— &l.5% 082044, 1.53]
Subtotal (95% CI‘) 20 20 ——— 61.5% 0.82[0.44,153]
Todal events: @ (Allylaing agens), 11 {Cydosporning
Heterogensity: nol applicabls
Teed tor overall etiecl: £ = 0.6% (P = 0.53)
Total (95% CI 45 50 ——— 100.0 % 091[055,148]
Todal events: 17 (Allylaing agentks), 20 (Cydosponing
Heterogensity: Tauz = 0.0; Chiz = 0,27, dl =1 (P = 0.60); = <0.0%
Tesd tor overall st Z = 0,20 (P = 0.53)
Tesd for subgroup diflerences: Chiz = 0.27, dl =1 (P = 0.81), |2 20005

. 0.5 1 2 5
Allylaing agenk CEA

Cochrane Database Syst Rev 2013



Cyclosporine vs cyclophos-
phamide side-effects

Review: Mon-corticosteroid immunosuppressive medications for steroid-sensitive nephrotic syndrame in children
Comparisan: 9 Alkylating agents versus cyclosparin
Outcome: 4 Adverse effects

Study or subgroup Alkylating agents Cyclosporin Risk Difference Weight Risk Difference
niM niM M-H.Random, 95% CI M-H.Random,95% CI
Serum creatinine
Niaudet 1992 0/20 1/20 = 43.2% -0.05[-0.18, 0.08]
Panticelli 1993 0/36 436 -.— 56.8% -0.11[-0.22, 0.00]
Subtotal (95% CI) 56 56 - 100.0 % -0.08 [ -0.17, 0.00 ]

Total events: 0 (Alkylating agents), 5 (Cyclosparing
Heterogeneity: Tau® = 0.0; Chi* = 0.51, df = 1 (P = 0.48); I* =0.0%
Testfor overall effect: 2 = 1.97 (P = 0.04%)

2 Hypertrichosis
Niaudet 1992 njzo B/z0

—— 6% -0.40 [-0.62, -0.181]
Ponticelli 1993 0/2e 11738 —.— EF.2% -0.31 [-0.48, -0.15]
Subtotal (95% CI) 56 56 - 100.0 % -0.34 [ -0.46, -0.21 ]
Total events: 0 (Alkylating agents), 19 (Cyclosparin)
Heteu:-geneny sz2 =0.0;Chi* =048, df=1(P=049;1* =0.0%
Testfor o all effect: 2 = 5.24 (P = 0.00001)
3 Gum hypertrophy
Hiaudet 1599 0/20 5/20 —— 333% -0.25 [-0.45, -0.05]
Ponticelli 1993 0/2e B/36 —.— EE.7 % -0.22[-0.36, -0.08]
Subtotal (95% CI) 56 56 - 100.0 % -0.23 [ -0.35, -0.12 ]
Total events: 0 (Alkylating agents), 13 (Cyclosparin)
Heterogeneity: Tau® = 0.0; Chi* = 0.05, df = 1 (P = 0.82); I* =0.0%
Test for overall effect: 2 = 2.95 (P = 0.000078)
4 Hypertension
MNiaudet 1952 njzo 1jz0 l 1000% -0.05[-0.18, 0.08]
Subtotal (95% CI) 20 20 - 100.0 % -0.05 [ -0.18, 0.08 ]
Total events: 0 (Alkylating agents), 1 (Cyclosporind
Heten:-geneny not applicable
Testfor overal] effect: 2 = 0.77 (P = 0.44)
Ponticelli 199 12720 0/3e —.— 100.0% 040[0.22, 0.58]
Subtotal (95% CI) 30 36 - 100.0 % 0.40 [ 0.22, 0.58 |

Total events: 12 (Alkylating agents), 0 (Cyclosparin)
Heterogeneity: not applicable
Test for overall effect: 2 = 444 (P = 0.00001)

-1 -0.5 0 0.5 1
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Treatment of steroid dependent/
frequently relapsing

Tacrolimus



Tacrolimus vs cyclosporine

Review: Inkrvenions for idiopathic skeroidresistant nephroic syndrome in childran

Comparison: 3 Tacrolimus versus cydeosponin
Cudcome: 3 Relapss Wllowing complete or parial remission
Swudy or subgroup TAC CEA Risk Raio Risk Rafo
n'N n'N M-H, Random,25% Cl M-H,Random ,25% Cl
Choudhry 2008 21 &1E e — 0.22 [ 0.08, 0.80]
.02 o1 1 10 50
Favours C5A

Faveours TAC



Side effects

Review: Inervenions for idiopathic stercidresistan nephrode syndrome in children
Comparison: 3 Tacrdlimus versus cydospornin
Cucome: 7 Adverses events

Siudy or subgroup TAC C5A Risk Raio Risk Raio
n'M n'M M-H,Random g5% Cl M-H Random 5% Cl

1 Persigten nephrojoxicity
Choud hry 200e 1121 220 e e — 0.42 [ 005, 4.85]

2 Reversible nephrooxicity
Choud hry 2000 7 10020 — 0ET[0.22,1.41]

2 Worsening of hypsrension

Cheowd hry 2009 2 a0 —_—t 0.85[0.15, 513 ]
4 Headache
Chewd hry 2009 1721 oz _— 225[012 6544 ]

5 Paraesthesia

Choud hry 200e 1121 o20 R e 226 [0.12, 6544 ]
& Hypervichcsis
Choud hry 2000 oz 1o Y — 0.02[0.00, 0.2 ]

7 Gingival hyperplasia
Choudhry 2006 121 12720 e ooe[oo, 0.56]

& Aone o ghin inlecions

Choudhry 2009 2 520 — o200, 1.74]
@ Diarrhosa
Choud hry 200e &21 1120 —t 571 [0.75, 43,35 ]
10 Sepeis/prsumonia
Choud hry 2000 172 120 _— 0.95 [ 0.08, 14.22 ]
1 1 1 1 1 1 1
0.0 o o1 1 10 100 100

Favours C5A Favours TAC



Tanzeelah now 11 years old

Tacrolimus worked well for three years.
Only infrequent relapses.

What to do next?



Treatment of steroid dependent/
frequently relapsing

Mycophenolate



FRNS
12 children treated with MMF
and 12 with CsA
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FRNS

12 children treated with MMF

GFR change
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Efficacy of CsA and MMF in preventing
relapses in FR-SSNS patients.
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Jutta Gellermann et al. JASN 2013;24:1689-1697



Pharmacokinetics of MPA and efficacy.
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MMF side effects

Relatively mild
Diarrhoea and stomach upset
Leucopaenia



Tanzeelah now 12 years old

MMF was not as effective as Tacrolimus.
The relapses have been much more
frequent

What to do next?



Treatment of steroid dependent/
frequently relapsing

Combination CNI and MMF?



Treatment of steroid dependent/
frequently relapsing

Rituximab



Rituximab in difficult to treat
Nephrotic Syndrome

A. Prytula and K. Tullus
Ped Nephrol 2010;25:461



Initial response in SDNS and
FRNS




Chart1

		full remission

		proteinuria with serum albumin > 30g/l

		proteinuria with serum albumin 20-30 g/l

		no response



Column1

17

6

2
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Sheet1

		Column2		Column1

		full remission		17

		proteinuria with serum albumin > 30g/l		6

		proteinuria with serum albumin 20-30 g/l		2

		no response		3

				To resize chart data range, drag lower right corner of range.






Randomised trial rituximab vs

placebo
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[ijima et al Lancet 2014:384:1273


http://www.sciencedirect.com.libproxy.ucl.ac.uk/science/article/pii/S0140673614605419#gr3

Relapse-free survival probability (%)

Regimen

Response to rituximab
in 517 children

1001 ‘q\\ Regimen
\l Low dose without 1S
¥ Low dose with IS
i == Medium dose without IS
-+ Medium dose with IS
731 High dose without 1S
High dose with 1S
a0
251
O -
0 1 2 3 4 5 6 7 8
Time (year)

Number at risk

Low dose without IS 52 15 4 ! 3 1 0 0 0
Low dose with1S{ 139 74 36 17 9 6 4 3 0
Medium dose without IS 118 60 30 15 10 i 3 2 0
Medium dose with IS 90 39 16 5 1 0 0 0 0
High dose without 1S 66 39 14 7 3 3 2 0 0
High dose with IS 46 24 11 8 4 4 2 1 0
0 1 2 3 4 5 6 7 8

Time (year)



Peripheral B-cell count (cells per mm?)
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[ijima et al Lancet 2014:384:1273


http://www.sciencedirect.com.libproxy.ucl.ac.uk/science/article/pii/S0140673614605419#gr4

Side effects

Infections
Myocarditis
Pneumocystitis carinii
Hepatitis B

Pulmonary fibrosis - RALI



Summary

A large number of different therapeutic options
exist for children with FRNS and/or SDNS

This gives many opportunites to obtain the most
important goal in these children

To reduce the total steroid burden

It is not clear at this point which of these
treatment that is the best
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