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DEFINIZIONE SDNS E FRNS

Relevant definitions in nephrotic syndrome*

Netht'c.syndrome (NS) : : _ /Frequently relapsing NS \
Oedema with protein excretion >40 mg/m?* per h or urine - o .
protein:creatinine ratio >2000 mg/g (=200 mg/mmol) or >2 relapses within 6 months of initial response or =4 in any
>3+ proteinuria on dipstick with serum albumin <2-5 g/dL 12 month period
(259/L) )

- Steroid-dependent NS
Remission

Urine albumin trace or negative on dipstick or proteinuria 2 consecutive relapses occurring while weaning to alternate

<4 mg/m? per h or urinary protein:creatinine ratio <200 mg/g \day steroids or within 2 weeks of steroid discontinuation /
(20 mg/mmol) for 3 consecutive days

Steroid-resistant NS
Relapse

: — : )
Urine albumin 3+ or 4+ or proteinuria >40 mg/m? per h or Persistent protemur!a desp!te 60' mg/m*or 2 mg/kg for
urinary protein:creatinine ratio >200 mg/g (20 mg/mmol) for 8 weeks, after ensuring no infection or non-adherence to
3 consecutive days medication

Damien G Noone, Kazumoto lijima, Rulan Parekh
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TRATTAMENTI ATTUALMENTE DISPONIBILI SDNS
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CNIs MECCANISMO D’AZIONE

Cytokines

rIeukin—2
O

Tacrolimus FKBP12

( Calcineurin )

T-cell activation
and proliferation

inibiscono attivita fosfatasica calcineurina, con conseguente inibizione della traslocazione
di NFAT (nuclear factor of activated T-cells) nel nucleo e soppressione sintesi di IL-2,
inibizione dell'attivazione dei linfociti T e della proliferazione dei linfociti B



CSA STORIA

1971 = isolata da fungo Tolypocladium inflatum, nei laboratory Sandoz

Ciclosporina A/C mostrano ristretto spettro di attivita contro i fungi
nessuna attivita antibatterica

J. F. Borel ne scopre I'attivita immunosoppressiva nel 1976.
Inibisce la proliferazione dei linfoci senza influenzare la

proliferazione delle altre cellule somatiche.

Anni 1977-78 conferma in vivo attivita IS su modelli animali
primi studi in trapianto d’organo su uomo

Nel 1983 FDA approva l'uso di CSA per la prevenzione del rigetto di trapianto

d’organo. Rimpiazzando rapidamente la aziatioprina e diventandone standard. \ /



CSA STORIA

The Lancet - Saturday 23 & 30 December 1978

CYCLOSPORIN A IN PATIENTS RECEIVING
RENAL ALLOGRAFTS FROM CADAVER
DONORS

Seven patients on dialysis with renal
failure received transplants from mis-
matched cadaver donors and were treated with cyclo-
sporin A (CyA), initially as the sole immunosuppressive
agent. CyA was effective in inhibiting rejection but there
was clear evidence of both nephrotoxicity and hepato-
Toxicity. A cyclophosphamide analogue was added to the
CyA treatment in six of the patients. Five patients are
out of hospital with functioning allografts, and two of
these have received no steroids. One patient required an
allograft nephrectomy because of pyelonephritis in the
graft. Another died of systemic aspergillus and candida
infection. Further careful study of this potentially valu-
able drug will be required before it can be recommended
in clinical practice.

Summary

R. Y. CALNE D. J. G. WHITE
S. THIRU D. B. EvaNs
P. MCMASTER D. C. DunN

G. N. CRADDOCK B. D. PENTLOW
KEITH ROLLES

Departments of Surgery and Pathology, University of
Cambridge; and Dialysis Unit, Addenbrooke’s Hospital,
Cambridge

Thirdly, the nephrotoxicity: this is particularly worrying
in a drug used for patients with renal allografts. None
of our patients treated with CyA has normal function,
although five are out of hospital without any symptoms
of renal failure. It seems likely that CyA has direct toxic
effect on renal tubules or on the blood-supply of the
tubules and that patients vary in their susceptibility to
these toxic reactions, though the nephrotoxicity is prob-
ably dose dependent.'? The immunofluorescence findings
in the tubular basement membrane in two of the patients
could be non-specific. None of the patients seems to have
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CSA E SNI

SR C The Journal of Pediatrics
Cyclosporine-induced remission of December 1987

relapsing nephrotic syndrome in children

Amir Tejani, MD, Khalid Butt, MD, Howard Trachtman, Mb, M. Suthanthiran,
mMD, C. J. Rosenthal, MD, and M. R. Khawar, MD
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CSA E SNI

Follow-Up Study of Children With Nephrotic Syndrome Treated
With a Long-Term Moderate Dose of Cyclosporine

Satoshi Hino, MD, Tsukasa Takemura, MD, Mitsuru Okada, MD, Katsumi Murakami, MD,
Kazuro Yagi, MD, Kyohji Fukushima, MD, and Kazuo Yoshioka, MD

American Journal of Kidney Diseases, Vol 31, No 6 (June), 1998:
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CSA E SNI

Long-term effects of cyclosporine in children with idiopathic Nephrology
nephrotic syndrome: a single-centre experience Dialysis
Transplantation

Amr El-Husseini, Fathy El-Basuony, Thab Mahmoud, Hussein Sheashaa, Alaa Sabry,
Rashad Hassan, Nohir Taha, Nabil Hassan, Nagy Sayed-Ahmad and Mohamed Sobh 2005

CsA in 117 children with INS for more than 2 years (median, 34 months)
74 SDNS
43 SRNS

100-150 ng/ml in the first 2 months = 50-100 ng/ml thereafter

66/74 pts (89%) achieved a remission and stopped PDN
19/66 relapsed

NECESSARIA TERAPIA PROLUNGATA NEL TEMPO

15 stop CSA.
2 long term remission
13 relapsed (86.7%) = resumption of CsA followed by remission in 10/13.



CSA E SNI

Long-term effects of cyclosporine in children with idiopathic Nephrology

nephrotic syndrome: a single-centre experience Dialy5|s
Transplantation

Amr El-Husseini, Fathy El-Basuony, lhab Mahmoud, Hussein Sheashaa, Alaa Sabry,

Rashad Hassan, Nohir Taha, Nabil Hassan, Nagy Sayed-Ahmad and Mohamed Sobh 2005

Gum hyperplasia and hypertrichosis 38 (32.5%) and 82 (70.1%)
Hypertension in 12 (10.3%) renal dysfunction in seven (6.0%)

Table 3. CsA-related side effects according to the response to

steroids®

Side effects SDNS (n=74)  SRNS (n=43)  P°
Gum hyperplasia 25 (33.8%) 13 (30.2%) 0.427
Hypertrichosis 51 (68.9%) 31 (72.1%) 0.443
Hypertension 4 (5.4%) & (18.6%) 0.027

Renal dysfunction 2 (2.7%) 5(11.6%) 0.062




CSA E SDNS TOSSICITA’

Risk Factors for Cyclosporin A Nephrotoxicity in Children
with Steroid-Dependant Nephrotic Syndrome

Severin Kengne-Wafo,* Laura Massella,* Francesca Diomedi-Camassei,"
Alessandra Gianviti,* Marina Vivarelli,* Marcella Greco,* Gilda Rita Stringini,* and
Francesco Emma*

Clin ] Am Soc Nephrol 4: 1409-1416, 2009

Medical records and renal pathology of 53 patients treated with CsA for SDNS
71 biopsies analyzed

CsAN was observed in 22 (31%) of 71 specimens obtained from 22 patients.

© Vascular toxicity

® Tubulointerstitial toxicity
@ Vascular + tubulointerstitial toxicity

ACEIs or ARBs was associated with a significant risk for developing CsAN

high CsA C2 levels were associated with an increased risk for combined vascular and
tubulointerstitial lesions.



CSA E SNI

Non-corticosteroid immunosuppressive medications for
steroid-sensitive nephrotic syndrome in children (Review)

Pravitsitthikul N, Willis NS, Hodson EM, Craig JC

THE COCHRANE 2013 The Cochrane Collaboration.
COLLABORATION®

Cyclosporin less effective compared with chlorambucil in maintaining remission at 12
months and 24 months.

Similarly cyclosporin less effective compared with cyclophosphamide in maintaining
remission at 24 months.

When the studies were combined, there was no significant difference in the number
with relapse at the end of cyclosporin treatment between treatment groups

However alkylating agents were significantly more effective in maintaining remission
once cyclosporin was ceased



TACROLIMUS STORIA

Macrolide con attivita CNI tramite legame a FKBP

Isolato nel 1984 dal fungo Streptomyces tsukubaensis
Nei laboratory della Fujisawa Pharmaceuticals

Nel 1987 primo report della attivita in vitro di inibizione di IL-2

Nel 1989 il primo clinical trial su trapianto di fegato
University of Pittsburgh

1994 FDA; prevenzione del rigetto nel trapianto di fegato




TACROLIMUS E SNI

Marco Pennesi - Ambra Gagliardo - Silvia Minisini

Effective tacrolimus treatment in a child suffering
from severe nephrotic syndrome

Pediatr Nephrol (2003)

PAZ 17 ANNI CON SDNS
PRECEDENTI TRATTAMENTI = ALCHILANTI, CSA, PDN
RIMA RISPOSTA TERAPEUTICA AL TACROLIMUS



TACROLIMUS E SNI

Treatment of severe steroid-dependent nephrotic
syndrome (SDNS) in children with tacrolimus

Manish D. Sinha, Rebecca MacLeod, Emma Rigby and A. Godfrey B. Clark

Nephrol Dial Transplant (2006)

Is tacrolimus for childhood steroid-dependent nephrotic
syndrome better than ciclosporin A?

Jorg Dotsch, Katalin Dittrich, Christian Plank and Wolfgang Rascher

Nephrol Dial Transplant (2006)

EFFICACIA SIMILE TACROLIMUS E CSA



TACROLIMUS E SNI

Treatment of tacrolimus or cyclosporine A in children
with idiopathic nephrotic syndrome

Wenjing Wang - Yonghui Xia - Jianhua Mao - Pediatr Nephrol (20 12)
Yifang Chen - Dayan Wang « Huijun Shen -

Haidong Fu - Lizhong Du - Ai’min Liu
74 PAZIENTI 50 FK +24 CSA

Table 3 Short-term efficacy of children with primary nephrotic syndrome treated with CsA or TAC

Treatment ~ SRNS® FRNS/SDNSP

n Complete remission  Partial remission ~ No response 7 Complete remission  Partial remission ~ No response
CsA 8 3 1 - 16 14 2 0
TAC 26 22 - 0 24 22 1 1

#In SRNS patients, X2 =13.75, P=0.001;
®In FRNS/SDNS patients, x% =1.908, P=0.39

MAGGIORE EFFICACIA A BREVE TERMINE
NO DIFFERENZA SU RECIDIVE A LUNGO TERMINE
MINORE TOSSICITA’



TACROLIMUS E SNI = TOSSICITA’

Katalin Dittrich - Ina Knerr - Wolfgang Rascher -
Jorg Dotsch

Transient insulin-dependent diabetes mellitus in children
with steroid-dependent idiopathic nephrotic syndrome
during tacrolimus treatment
Pediatr Nephrol (20006) :

Tacrolimus toxicity secondary to
diarrhoea in nephrotic
syndrome 2013 Foundation Acta Paediatrica.

Tacrolimus Induced Diabetic Ketoacidosis
in Nephrotic Syndrome

Sumantra Sarkar - Rakesh Mondal -
Madhumita Nandi - Anjan Kumar Das

Indian J Pediatr (July 2013)



MMF MECCANISMO D’AZIONE
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MMF STORIA

Profarmaco ACIDO MICOFENOLICO (MFA)

MFA isolato da Penicillium brevicompactum nel 1896 da Bartolomeo Gosio,
medico e microbiologo italiano (blanda attivita antibiotica)

Negli anni 1960 dimostrata inibizione crescita in ampio spettro di tumori in
modelli murini

Franklin and Cook nel 1969

MPA = inibitore selettivo e reversibile della IMPDH
- sintesi de novo purine in linfociti T and B

- Impiego come immunosoppressore (Allison et al. )

MMF = derivato con migliore biodisponibilita, sviluppato negli anni 80
1995: FDA approva MMF in TX renale

2000: FDA approva MMF in TX epatico




MMF E SNI

Successful Mycophenolate Mofetil Treatment of Glomerular Disease
William A. Briggs, MD, Michael J. Choi, MD, and Paul J. Scheel, Jr, MD

American Journal of Kidney Diseases, Vol 31, No 2 (February), 1998

8 pazienti adulti
3 MN
2 Lupus N

RC con sospensione
3 SN (2 SDNS + 1 SRNS) >

altri farmaci nelle SDNS

“These anecdotes, however, do indicate that MMF is effective clinically both as
monotherapy and in conjunction with low-dose steroid treatment, and suggest
that MMF treatment may represent a new effective alternative to CsA therapy”



MMF E SNI

Pediatr Nephrol (2000) 14:224-226 © IPNA 2000

ERJEF REPORT

Manju Chandra - Myron Susin - Carolyn Abitbol

Remission of relapsing childhood nephrotic syndrome
with mycophenolate mofetil

Abstract We report a 21-year-old male with childhood-
onset familial nephrotic syndrome and frequent relapses
who manifested toxicity or treatment resistance to cor-
ticosteroids, cyclophosphamide, cyclosporin-A, and ta-
crolimus. Monotherapy with mycophenolate mofetil
(MMF) resulted in maintenance of clinical remission for
14 months without noticeable toxicity, while allowing
resolution of steroid-induced side effects. Our observa-
tion suggests that MMF may be useful in maintaining re-
mission in nephrotic patients who manifest toxicity to
standard immunosuppressive agents.

the first report of successful use of MMF in a patient
with childhood onset nephrotic syndrome



MMF

Mycophenolate Mofetil and Prednisolone Therapy in Children With
Steroid-Dependent Nephrotic Syndrome

Arvind Bagga, MD, Pankaj Hari, MD, Asha Moudgil, MD, and Stanley C. Jordan, MD

American Journal of Kidney Diseases, Vol 42, No 6 (December), 2003

19 paz con SDNS
precentemente trattati con PDN, CYP e Levamisolo

relapse rates decreased from 6.6 (95% Cl, 5.4 to 7.7) to 2 episodes/y

therapy discontinued for 6 or more months in 8 patients.
No significant gastrointestinal or hematologic side effects of MMF

Although the beneficial effects of MMF persisted during therapy
not maintained after its discontinuation.



MMF STUDI NON RANDIMIZZATI IN SNI

Pediatr Nephrol

Table2 MMF of steroid-sensitive nephrotic syndrome in childhood: unc lled studies

Author/year/ Comparator Primary Type of study N (age) Dose (per day) Main outcome

country [reference  [previous endpoint (clinical Histological

number] treatment with classification) ~classification

steroid-sparing
agents|
g MMF for Relapse rate  Prospective 19 29 mg/kg/day, Decreased mean relapse rate (from
et al.22003/India 12 months single (2.6~ 12 months
[24] [CyP. LEV] center 11.2 years) treatment failure in 3 patients
(SDNS) 10 MCNS
3 FSGS
6 unknown
histology

Novak MMF for Retrospective 21 (2-17 years) 1200-2000 mg/m’ Reduction in relapse rate from
et al.22005/USA 1.0+ compared single 0.80+0.41 to 0.47 +0.43 relapses
[25] 0.5 years to steroids center per month (p <0.02).

0.2 (SDNS)
2.0 years)
[None]

Hogg MMEF for Remission Prospective 33 (2-15 years) 1200 mg/m? 24 patients in remission for 6 months
et al.”2006/USA 6 months multicenter (75%)

[26] [Multiple] (27 FRNS: 6
SDNS)

Okada MMF for Remission Prospective 11 750 and 1000 mg/m*  Complete remission in 7, fewer
et al.2007/Japa- 12 months compared single (10— relapses in 2, no effect in I patient
n[27] [CsA, to CsA center 22 years)

multiple] (conversion
from CsA)
(FRNS)

Fujinaga MMF for Relapse rate  Prospective 12(5-19 years) 610+95 mg/m™/12 h, 9 patients (75%) could be weaned off
et al.2007/Japa- 12 months single adjusted to MPA C The relapse rate decreased
n [28] [CsA, 7 MZR] center trough levels of from 2.7+ 1.6 to 0.6 0.9

(conversion 24=1.1 ug/ml episodes/year. The probability of
from CsA) maintaining remission without
(SDNS) relapses on MMF therapy was
lower in patients whose average
trough MPA levels were less than
2 pg/ml (p<0.05)

MMF for 143  Relapse rate  Retrospective 42 26.5 mg/kg 50% or more reduction in relap
(6-45) after single (2.6 in 76.2% and sustained remi
months 6 months center 15.6 years) in 21.4% of patients.

[35 LEV, 37 compared  (SDNS)

CyP] 1o past
6 months

Fujinaga MMF for 19 Relapse rate  Retrospective 26 1000 mg/m® adjusted ~ 12-monthly relapse rates decreased
ctal/2009/Japa-  (7-42) single (5.8 to trough levels of from25+141008+12
n [30] months center 20.5 years) >2 ug/ml [19 episodes (p<0.01). 15 patients

[CsA, 13 (SDNS) MCNS, 7 FSGS] weaned off CsA (58%). 12
MZR] patients had been included in

previous study [28]

Baudouin MMF for Relapse Prospective 24 600 mg/m? for 7 days, 4 patients relapsed during the first
et al./2012/Fran- 12 months during the single (2.8 then 1200 mg/m’ 6 months and 2 at months 8 and
ce [31] [Alkylating first center 14.4 years) 11: 19 patients free of relapse

agent, 17 6 months  (SDNS) during the first 6 months
LEV] of MMF
treatment

Banerjee MMF for Change in Retrospective 46 (6.57 (+3.0) 20-30 mg/kg After 1 year of, 32 (70%) patients
et al./2013/India 12 months steroid multicenter years) had reduced steroid requirement
[32] [CyP, LEV. 4 require- (SDNS) and 20 of them were able to stop

CNI] ment steroids
Wang MMF or Tac  Remission MMEF 20-30 mgkg No difference in remission rates
et al.’2016/Chi- for rate, during the first and second
na [33] 12 months relapse center, not 6-month follow-ups between the




MMF VS CNIs - RCTs

Mycophenolate mofetil versus cyclosporine for remission
maintenance in nephrotic syndrome

Eiske M. Dorresteijn - Joana E. Kist-van Holthe «

Elena N. Levtchenko - Jeroen Nauta - Wim C. J. Hop - i
Albert J. van der Heijden Pediatr Nephrol (2008)

In children with frequently
relapsing minimal change nephrotic syndrome, MMF has
a favourable side effect profile compared to CsA; however,
there 1s a tendency towards a higher relapse risk in patients
treated with MMF.




MMF vs CNIs RCTs

Mycophenolate Mofetil versus Cyclosporin A in
Children with Frequently Relapsing Nephrotic
Syndrome

J Am Soc Nephrol 24: 2013

randomized, multicenter, open-label, crossover study

than with CsA during the first year (P=0.03), but not during the second year (P=0.14). No relapses occurred
in 85% of patients during CsA therapy and in 64% of patients during MMF therapy (P=0.06). However, the
time without relapse was significantly longer with CsA than with MMF during the first year (P<0.05), but not
during the second year (P=0.36). In post hoc analysis, patients with low mycophenolic acid exposure
(AUC <50 ug-h/ml) experienced 1.4 relapses per year compared with 0.27 relapses per year in those with high
exposure (AUC>50 ug-h/ml; P<0.05). There were no significant differences between groups with respect to




MMF MONITORAGGIO TERAPEUTICO

The Value of Monitoring the Serum

Concentration of Mycophenolate Mofetil in

Children with Steroid-Dependent/Frequent

Relapsing Nephrotic Syndrome Nephron 2016
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MMF MONITORAGGIO TERAPEUTICO

Mycophenolate Mofetil Therapy in Children With
Idiopathic Nephrotic Syndrome: Does Therapeutic Drug

Monitoring Make a Difference?
A'gnes Hackl, MD, PhD,*7 Orsolya Cseprekal, MD, PhD,} Michaela Gessner, MD,*
Max Christoph Liebau, MD,*§9 Sandra Habbig, MD,*§¥ Rasmus Ehren, MD,*
Carsten Miiller, MD, PhD,|| Christina Taylan, MD,* Jérg Dotsch, MD,* and Lutz T. Weber, MD¥*

Ther Drug Monit  Volume 38, Number 2, April 2016

MPA-AUC.-.calculated based on measurements at 0 and 30 minutes and at 1 and 2
hours after administration.

Significant differences were revealed between MPA-CO levels (P = 0.02)
more pronounced between estimated MPA-AUC0-12 and REC P =0.001

NECESSARIO MONITORAGGIO
TERAPEUTICO MMF



MMF PRIMA LINEA

Initial treatment of steroid-sensitive
idiopathic nephrotic syndrome in Ehren R, et al. BMJ Open 2018
children Wlﬂ,l mycophenolate mofetil Gesellschaft fur Padiatrische Nephrologie (GPN)
versus prednisone: protocol for a
randomised, controlled, multicentre trial
(INTENT study)

First episode of steroid-sensitive nephrotic syndrome (SSNS)

* age 1-10 years
e remission induced by prednisone 60 mg/m” BSA/d

Remission
2
S
w . "
c Randomisation
STUDIO RANDOMIZZATO £
v v
M M F VS P D N I N P RI MA LI N EA Control intervention Experimental intervention
Prednisone 60 mg/m” BSA/d Mycophenolate Prednisone
1 2 S ETTI MA N E TOTA LI (maximum 80 mg) mofetil 40 mg/rrl2 BSA
continued for a total of 6 weeks (max. 60 mg)
D O P O R E M I SS I O N 1200 mg/m2 on alternate days
. BSA/d for 2 weeks
4 (I: ::d;r:g:: A (until 12 weeks
(maximgum 60 mg) total treatment
on alternate days duration)

for 6 weeks




MMF POST-RTX

STUDY PROTOCOL Open Access

Study protocol: mycophenolate mofetil as ® e
maintenance therapy after rituximab

treatment for childhood-onset,

complicated, frequently-relapsing nephrotic
syndrome or steroid-dependent nephrotic
syndrome: a multicenter double-blind,
randomized, placebo-controlled trial

(JSKDCO7)

Tomoko Horinouchi', Mayumi Sako?, Koichi Nakanishi®, Kenji Ishikura®, Shuichi Ito®, Hidefumi Nakamura®,

Mari Saito Oba’, Kandai Nozu' and Kazumoto lijima’”
BMC Nephrology

STUDIO RANDOMIZZATO
MMEF VS PLACEBO
MANTENIMENTO DOPO 4 DOSI DI RTX

(2018)



SDNS STRATEGIA DI MILANO
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SDNS MILANO DAL 2014
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TAKE HOME MESSAGES

MMF E CNIs ENTRAMBI EFFICACI IN SDNS

NON CHIARE EVIDENZE DI SUPERIORITA’
TREND MIGLIORE EFFICACIA PER CNIs MA S| ANNULLA SE TDM

MIGLIOR PROFILO DI EFFETTI COLLATERALI DI MMF

NECESSARI STUDI RANDOMIZZATI + UNIFORMITA’ DI TRATTAMENTO

NECESSARIA MIGLIORE CONOSCENZA BASI BIOLOGICHE
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